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APPENDIX 2

MANGANESE: ENVIRONMENTAL LEVELS AND
POPULATION EXPOSURE

Several commentators have raised questions regarding the
impact of HiTEC® 3000 on environmental loadings of manganese.
This document summarizes current data on emissions and ambient
concentrations of manganese, and analyzes how manganese emissions
associated with use of the Additive will impact existing
concentrations in the air and soil.

1. Existing environmental loadings of manganese

As the twelfth most abundant element on earth, manganese is
naturally present in both air and water. Manganese in the
natural environment occurs in a variety of forms, depending on
conditions such as soil pH and microbial action. See Final
Health Assessment Document for Manganese, Docket No. II-A-3, at
3-56 to 3-60 (1984) ("HAD"). For eXample, the most common forms
of manganese in soil are oxides and hydroxides, of oxidation
states +2, +3, and +4, and manganese carbonate.A Id. at 3-51.
Chemical forms of manganese in solution are even mofe conplex,
and can be present in II, III, IV, VI, and VII oxidation states.
Id. at 3-56. According to certain researchers, the dominant
forms of manganese in sea water include MnO, and/or Mn;0,. Id. at
3-57.

Since manganese is such an abundant element, people are

exposed to it in its various forms every day in air, food, and

water. Each of these environmental media are discussed below.
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a. Ambient Air

The literature contains both ambient measurement data and
estimates regarding the concentrations of manganese in the air.
For example, in the United States, background concentrations at
rural sites unaffected by major point sourdes ranged from 0.005
to 0.012 ug/m’ on an annual basis between 1972 and 1982. HAD at
3-68. Manganese concentrations at these rural sites are
principally due to naturally occurring manganese, such as wind-
blown dust.

Total emissions of manganese each year from natural sources
are estimated to be about 6.1 x 10" grams.¥ If one apportions
these emissions according to land mass, natural emissions of
manganese in the United States would be about 3.7 x 10’
kilograms, or 81 million pounds per year.?

The other principal source of manganese in the ambient air
is point source emissions. For example, according to the 1987
SARA Title III emission inventory, point sources emitted a total
of 2,740,801 pounds of manganese in that-year.y Point sources
in Indiana alone emitted about 904,200 pounds of manganese in
that year. This SARA Title III information does not include data

on emissions from other point sources (e.g., industrial and

Y Galloway, J.N., Thorton, J.D., Norton, S.A., Volchak, H.L.
and McLean, R.A.N., "Trace Metals in Atmospheric Deposition: A
Review and Assessment," Atmos. Env., 16, 1677-1700 (1982).

24 The United States has about 6.1 percent of the earth's total
land mass.

¥ Toxic Chemical Release Data Base, National Library of

Medicine, POXNETT System, 1987 SARA Title III Data.
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utility boilers), where manganese is released in trace amounts as
a result of the combustion process.

Mobile sources have been a contributor to manganese in the
ambient air since the Additive was originally used in leaded
gasoline at a concentration up to 0.125 grams per gallon over two
decades ago. This Additive was also used in unleaded gasoline
for a brief period in the 1970s. Overall, use of the Additive in
gasoline peaked in 1985, when about 7,467,000 pounds were
produced for U.S. consumption. Assuming 30 percent of the
manganese in the Additive was emitted, mobile source emissions of
manganese would have been about 546,000 pounds in that yeary -
i.e., far less than manganese emissions from both natural and
point sources.?

Actual méasured concentrations of manganese in urban areas
provide some perspective regarding the impact of anthropogenic
emissions of manganese on ambient air. For example, the U.S.

National Air Surveillance Network reports average ambient

&/ To obtain total manganese emissions, the following

calculation applies:

7,467,000 pounds of the Additive produced in 1985 for
use in the United States x 0.244% (manganese metal in
the Additive) x 0.30 (percentage of manganese exhausted
as airborne particulate from pre-catalytic vehicles) =
546,584 pounds manganese.

A discussion of manganese emissions from pre-catalytic vehicles
is provided in G.L. Ter Haar, et al. "Methylcyclopentadienyl
Manganese Tricarbonyl as an Antiknock: Composition and Fate of
Manganese Exhaust Products," J. Air Pollution Control, 25 (1975)
858-860 [hereinafter "Manganese Exhaust Products"].

¥  These mobile source emissions occur as Mn,0,, with traces of
Mn,0, and MnO. See Manganese Exhaust Products, supra note 4.
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concentrations of manganese in urban areas in the United States
of up to 0.1 ug/m’ during the 1950s, and decreasing to 0.03 to
0.05 ug/m’ during the 1970s and 1980s, the period in which the
Additive has been used.¥ similarly, ambient concentrations in
urban areas of Canada, such as Toronto, are in the 0.04 ug/m®

range,’/

even though the Additive has been used in all unleaded
gasoline in Canada at a concentration of up to 0.0625 grams per
gallon for nearly a decade. In the United Kingdom, where the
Additive has nevér been used, urban ambient concentrations of
manganese also have averaged approximately 0.04 ug/m’.¥

Ambient manganese concentrations are also reported in an air
quality study examining manganese concentrations in the air at
urban sites in California in 1985-87, after refiners began to use
the Additive in leaded fuel in California at a concentration of

¥  fThese sites are

up to 0.1 grams of manganese per gallon.
influenced by a heavy concentration of automobile emissions.

Even so, ambient manganese concentrations were only in the range

&/ See 1970-1989 Lead and Manganese Quick Look Reports, Natural
Air Data Branch, U.S. EPA, Research Triangle Park, North
Carolina; HAD at 3-60 to 3-69.

/' Air Quality Monitoring Reports for 1982-88, Ontario Ministry
of the Environment.

8/ See G. McInnes, Multi-Element and Sulphate in Particulate
Surveys: Summary and Analysis of Five Years Results (1976-
1981), Warren Springs Laboratory.

8/ See D.W. Davis, et al., "Origins of Manganese in Air

Particulates in California," Jour. of Air Pollut. Cont. Assoc.

(1988),; R.L. Roberson, et al. "Impact of HiTEC 3000 on Ambient

Air Manganese Concentrations and Population Exposure and Dose,"
attached hereto as Attachment 1, at 1-3.
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of 0.015-0.03 ug/m’, and only 0.003-0.013 ug/m’ of these
manganese concentrations were conservatively attributed td mobile
sources .

Finally, it should be noted that manganese in the air
behaves as a particulate, and is deposited fairly quickly as a
result of normal atmospheric processes. For example, the
deposition velocity of vehicle emitted particles from ambient air
is estimated to be about 0.26 cm/sec, a level that would lead to
deposition of about 20 percent of a given amount of manganese

emissions daily.

As a result, and because of the generally low
level of anthropogenic emissions of manganese, ambient manganese
concentrations in the United States have remained relatively
stable in the 0.02-0.05 ug/m3 range during the 1970s and 1980s.
See HAD at 3-60 to 3-69.

This review of data on manganese emissions and ambient
concentrations suggests several conclusions. First, most of the
manganese present in the ambient air is present as a result of
natural causes. Second, maximum reported ambient concentrations
of manganese have declined over time,'with the application of

particulate control technologies to point sources. Third, based

on actual monitoring data, ambient concentrations of manganese in

1/ pavis, "Origins of Manganese;" supra note 9.

1/

Friedlander, et al., "A New Method for Estimating Dry
Deposition Velocities for Atmospheric Aerosols," 1986 J. Aerosol
Sci.,-vVol: 17, No. 3, at 240-44, cited in Attachment 1, at 5; See
also HAD at 3-54 to 3-55.
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urban areas appear to have remained in the same general range
regardless of mobile source contributions.
b. Soil and Water

Since manganese is the twelfth most prevalent element on
earth, it is naturally present in a variety of chemical forms in
both soil and water. See HAD at 3-51 to 3-57. For example,
manganese concentrations in soil range up to about 7,000 ppm, and
average about 1,000 ppm. As a result, one cubic meter of soil
will contain, on average, approximately one kg of manganese.

Manganese in drinking water is generally at or below the
welfare-based standard for drinking water of 50 ug/L.Hy Stated
in other terms, if one watered an acre of lawn to the recommended
depth of one inch of water, and that water contained 50 ug/L of
manganese, one would deposit about 11 pounds of manganese on the
soil simply as a result of watering.

As noted above, manganese appears in soil in a variety of
chemical forms. See HAD at 3-51 to 3-60. Moreover, as a result
of chemical and biological processes in the so0il, manganese may
change from one form to another, and will readily disperse in the
soil. See id. at 3-56. As one study has observed,

Manganese oxides that reach the soil are not likely to
remain concentrated in the upper few centimeters for

any length of time. The pH of the generally moist
conditions prevailing in soils will cause mobilization

12/ gee HAD at 3-76 to 3-83.

13/

Watering an acre of soil at a rate of one inch requires
27,000 gallons of water. Assuming that water contains 50 ug
Mn/L, watering at this rate would result in deposition of 5 kg:;
or about 11 pounds, of manganese.
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of the manganese, which will move to lower levels and
ultimately reach the groundwater or surface waters
(Costescu and Hutchinson, 1972).%

For this reason, manganese does not accumulate in a single
stratum of soil, close to the surface, where it can readily
become airborne, or be taken up by plants, or directly ingested.
Rather, the small concentrations of manganese in the ambient air
are dispersed in soil and water through natural mechanisms, so
that typical concentrations of manganese in soil and water change
little over time.

For example, assuming a typical ambient air concentration of
manganese. in an urban area of 0.04 ug/m’, a typical soil
concentration of manganese of 1,000 ppm, and a standard rate for
the deposition velocity of particles,! the soil burden of
manganese would change by only about 0.002 percent per month. By
the time this small amount of manganese reaches the ground water,
it will have dispersed to an extent that it is no different from
16/

naturally occurring background concentrations.

2. Contribution of the Additive to
Environmental I.ocadings of Manganese

Based on particulate emission tests performed as part of the
Ethyl test program using the Federal Test Procedure, only about
0.5 percent of the manganese in the Additive would be emitted to

the environment. This méans that a car using fuel containing the

v/ See The Royal Society of Canada, "Lead in Gasoline:

Alternatives to Lead in Gasoline," (February 1986), at 7-8.
15/

wn

ee Attachment 1, at 5.

16/

0 -

ee id. at 8.
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Additive would emit only about 0.06 grams of manganese
annually./

By contrast, based on testing on pre-catalyst cars burning
fuel containing the Additive at a concentration of 0.125 grams
manganese per gallon, one could conservatively assume that about
30 percent of the manganese in the Additive would be released.¥
While it is unlikely that as much as 30 percent of the manganese
in the Additive would be emitted from newer cars, given increased
engine efficiency in combusting particulate matter and the
presence of catalytic converters, whether one uses an emission
rate of 0.5 percent or 30 percent, manganese emissions associated
with use of the Additive would add little to environmental
- loadings of manganese.

a. Ambient Concentrations

These emissions would cause little change in ambient
manganese concentrations. As noted above, manganese
concentrations in Toronto, Canada (where the Additive is widely
used at up to twice the concentration at issue in this request)
are about 0.04 ug/m’® -- a level identical to those reported in

urban areas in the United Kingdom where the Additive is not used.

In the United States, urban ambient concentrations during the

See Ethyl Waiver Application, Appendix 2.

ee Manganese Exhaust Products, supra note 4. This testing
was based on an urban driving cycle.
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1970s and 1980s have been in the 0.02-0.05 ug/m® range, even
though the Additive has been widely used in older cars.?

That use of the Additive would have little effect on ambient
concentrations is also confirmed by a study of the impact of the
Additive on manganese concentrations in Southern california.Z
This study shows that, even with use of the Additive at a
concentration of up to 0.125 grams manganese per gallon in leaded
gasoline, urban concentrations of manganese remained in the range
of 0.015-0.03 ug/m’. This study suggests that use of the
Additive conservatively contributed only 0.003 to 0.012 ug/m® of
the manganese in the ambient air in Southern California.?’

Finally, these results are confirmed by additional air
quality analyses relating concentrations of manganese emissions
from mobile sources to concentrations of anothef pollutant that
has been emitted from mobile sources, tetraethyl lead, or TEL.
For example, if one applies the ratio of manganese to TEL emitted
from mobile sources to typical concentrations of lead in the
urban'atmosphere after 50 years of use of TEL, the maximum -
increase in ambient manganese concentrations anticipated with use
of the Additive is predicted to be only about 0.017 ug/m3.% 1f

one assumes that only 0.5 percent of the manganese in the

13/ gee HAD at 3-67.
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Davis, "Origins of Manganese," supra note 9.

(1]
(0]

i
~
0N

|

ee Attachment 1, at 1-2.

Attachment 2, Table 2.
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Additive is emitted, ambient manganese concentrations are
predicted to increase by less than 0.001 ug/m3.%/

In short, these data and analyses show that the Additive.
will contribute at _most about 0.017 ug/m’ to ambient
concentrations of manganese in the urban environment. That the
maximum ambient impact is likely to be smaller is suggested by
both the California data and the Canadian experience.

b. Concentrations in Soil and Water

Since manganese emissions resulting from use of the Additive
are small, any effects on manganese concentrations in soil or

water will also be small. For example, even if one assumes (1)

that all manganese emitted will be deposited to the soil, and (2)

that this deposition will be concentrated in twenty percent of
the land mass of the United States (to reflect concentrations of
population and automobile traffic), then the annual deposition
rate of manganese will range from less than 0.05g/ha/yr to 3 |
g/ha/yr (depending on whether one assumes 0.5 percent or 30

24/

percent of the manganese in the Additive is emitted). For

23/ 14,

2/ An example of this calculation is as follows, for the 0.5

percent case:
19,000 1b x .454 kg/lb = 8600 kg Mn/yr

‘8.6 x 10° kg Mn/yr = < 0.05 g/ha average

1.86 x 10° ha
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urban areas, this would reflect an increase in the current
deposition of manganese by about 0.005 to 0.3 percent.®’

Another way to look at the potential effect of manganese
emissions on soil concentrations is to relate the manganese
emissions resulting from use of the Additive to the emissions of
lead resulting from use of tetraethyl lead (TEL). For example,
(i) assuming that manganese would enter the environment in the
same ratio that TEL did; (ii) accounting for the fact that the
concentration of manganese in fuel is almost 100 times less than
that of TEL, use of the Additive would have an almost
imperceptible impact on manganese soil concentrations. Average
soil concentrations of manganese only one meter from an
expressway carrying 100,000+ cars/day would increase from about
1000 ppm, on averade, to only 1000.1 ppm after 50 years of use
of the Additive. 1In fact, even if one assumed that 30 percent of
the manganese used in the Additive was emitted, manganese soil

concentrations one meter from the expressway would increase,

&/ The annual deposition of manganese in the United States has

been reported as follows:

Location Mn Deposited (g/ha/yr) Type Year
Rural < 310 wet 1979
< 250 dry 1979
< 290 bulk 1979
< 21 bulk 1976
< 250 bulk 1977
Urban < 830 dry 1979
< 990 wet 1979
< 1000 bulk 1979

Galloway, et al., supra note 1.
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after 50 years of use, from 1000 ppm, on average, to only 1012
ppn.2¥ As the distance from the expressway increases beyond one
meter, the Additive's contribution to manganese in soil decreases
exponentially, totally disappearing as a practical matter at a
distance beyond 15 meters.Z/

To evaluate yet further the potential contribution of
manganese emissions resulting from use of the Additive to soil
concentrations, Ethyl requested that SAI, Inc. undertake a

modeling analysis.?/

Based on values reported in the literature
and conservative assumptions regarding (i) the contribution of
the Additive to ambient concentrations, (ii) the deposition rate
of manganese, (ii) the mixing depth in soil, and (iv) background
concentrations, SAI concludes that "even in 70 years, and even
ignoring losses to the subsoil and ground water, the increment to
the crustal burden would not be distinguishable."?’

Finally, since so little manganese will be deposited in
soil, concentrations of manganese in water will not change
appreciably. Dispersion of tﬁe small amounts of manganese
enissions at issue in soil and water will have an effect far less

than normal variations in background concentrations.®

26/  gee Attachment 2, Table 1.
&l ‘See id.
28/ ee Attachment 1.

2/ 14. at 7.

30/ ee id. at 7-8.
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3. Population Exposure

Since manganese emissions associated with use of the
Additive will have little effect on environmental loadings of
manganese, use of the Additive will not change, as a practical
matter, environmental exposures to manganese. For example,
typical daily intake of manganese from food and water ranges from
2,000-9,000 ug, and averages about 3,000 ug.? (The daily intake
from inhalation in an urban area (assuming an ambient
concentration of 0.04 ug/m® and a normal daily breathing rate of
20 m’) would be about 0.8 ug.¥ Assuming an absorption rate of 4

percent from ingestion and 25-50 percent from inhalation,®/

about
120 ug will be absorbed each day, with a typical range of from
80-360 ug.

In other words, the typical amount of manganese absorbed
~each day from food, water, and air can vary up to 7,000 ug. This
amount of variation in normal manganese intake and absorption is

understandable when one examines the variation in manganese

concentrations in typical foods. Some examples are given

below:%¥
Grains
1 slice whole wheat bread 334 ug
1 slice white bread 164 ug
3/ See Waiver Application, Appendix 8.
2/ see id.
¥/ gee HAD at 4-3.

Guthrie, B. E., Chromium, Manganese, Copper, Zinc and
Cadmium Content of New Zealand Foods, New Zealand Med. J., Dec.
24, 1975, 418-424.
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Fruits
1 Granny Smith Apple 45 ug
1 Banana 255 ug
1 Bosc Pear 7.5 ug
1 Paterson Late Plum 72 ug
Vegetables
3 oz Kidney Beans 987 ug
3 oz Asparagus 70 ug

Moreover, according to SAI, since use of the Additive would
not contribute to soil concentrations distinguishable from
manganese already in soil,® there would be no appreciable
increase in public exposure from the ingestion pathway. 1In
addition, based on total manganese dose to an individual as the
sum of ingestion and inhalation dose, and accounting for 70 years
of manganese buildup based on conservative assumptions regarding
mobile source contribution to ambient manganese,®®’ SAI has
concluded that conservatively estimated doses from all pathways
"are totally insignificant" -- less than one-tenth of one percent
of the typical daily intake of manganesé. As a result, SAI

concludes that exposure to manganese emissions that results from

3%  gee Attachment 1, at 7.

3¢/ Significantly, the SAI analysis and the conclusions drawn in
that analysis are not affected by the assumptions one might make
regarding the percentage of manganese in the Additive that is
emitted from the tailpipe. This is so because SAI based its
analysis on typical urban concentrations of manganese, and
conservative assumptions as to the amount of manganese in the
urban air attributable to mobile source traffic. This latter
assumption was based on the most conservative ratio (i.e., 0.43)
found in Davis, et al., supra note 9.

4
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use of the Additive will be insignificant and indistinguishable
from normal exposure to manganese in the environment.3
For all of these reasons, use of the Additive will not, as a

practical matter, change the exposure of people to manganese.

Attachments (2)

3/ gee id. at 37.
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IMPACT OF HiTEC 3000 ON AMBIENT MANGANESE CONCENTRATIONS

AMBIENT AIR CONCENTRATIONS

Spacial Studies

Davis, et al.® gtudied smbient concentrations in California during 1985 to
1987. Samples of total alrborne particles at 20 asites in California were
collected using low-volume samplers. Samples of fine and coarse particles
at five sites wera collected with dichotomous samplers. Euach sample was
collected over a 24-hour pariod of time. It was during this time period
that oil refiners added an anti-Knock compound containing manganese to
leaded gasoline. Davis, at al, reported the felleowing avarage Man

concentrations:

Central Valleys (e.g., Bakersfield, Frasno, Modesto,

Stoekton, etc.) 30 ng/m3
Bay Area (e.g., Concord, Fremont, Richmond,

San Francisco, San Jose, etc.) 15 ng/m3
Southersn Califernia (e.g., Long Beach, Los Angeles,

Rubidoux, Santa Barbara, aetc.) 30 ng/m3

In another study, Piersen, et al.? examined manganese concentrations at

two tunnels on the Pennsylvania Turnpike. Measurements were made for tha
Allegheny Tunnel in July 1975 and May 1976 and for the Tuscarora Tunnel in
august 1976 and June 1977. By the time of the August 1976 measurements, MMT
had started to appsar on the market. From Auguat 1976 to July 1977, the use
of MMT in unleaded gasoline sold st Turapike service plazas increased, as did
the unleaded share of total gasoline saleg at the plazas, giving a 4~-fold

increase in overall average Mn concantration (from 4 mg/gal to 16 mg/gal) (a

gasoline between the two dates., For the August 1976 and July 1977 sampling
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periods, Pierson, et al. attributed an increase in manganese concentrations,
duc to mobile source emissions, ranging from 70 to 110 ng/ms. Attribution
of manganetie was determined by subtracting mapganese concentrations
determined in “outside® tumnel air from manganese concentrations measured in
the tunnel. Finally, based on the average Mn/Pb emission rate ratio from
automobiles in {977, Plerson, et al. estimate an ultimate vehicle-derived
manganese level in amblent air of approximataly 20 ng/m3. This estimate is
bagsed on MMT use in all gasolines and at a rate of 1/16 g Mn/gal. Piarson,
et al. state that the 20 ng/m3 concentration is overstated if MNT levels are
below 1/16 g Mn/gal. Of courge, Ethyl's wavier application is based on a

usage rate of only 1/32 g Mn/gal.

Historical Data

It is interesting to compare the regults of tha above-discussed gpecial
stud{es with typical manganese concentrations reported in the literature.
For example, EPA reports average manganese concentrations for U.S. urban
areas ta bhe 38 ng/mS; avarage concentrations £or non-urban areas sre
reported to be 9 ng/m’.' Davig, wl «l. pu;purtudly found an effect of MMT
on ambient manganese concentrations in California; however, tha EPA data
cleaarly show that manganese concentrations in typical urbans areas is greater

than the total manganese concentrations reported by Plerson, et al.

Ambient air quality data from Canada also support the claim that MMT daes
not measurably contribute to ambient concentrations of manganese. MMT has
been used in virtually all unleaded gasoline in Canada for well over a

decade at concentrations up to 1/16 g Mn/gal. Ambient monitoring data from

Ontario's extensive sampling network is summarized below.*

L -4 Tar 4




Manganese Concentations (ng/m3)

Urban Non-Urban
Excluding Cities with Point Sourcas 34 19
Including Cities with Point Sources 70 -

These data indicate that amblent manganese concentrations are strongly
dapendent on the presence of point sources. Algo, in the absence of point
sources, ambilent manganese concentrations ln urban areas where automoblles
burn gasoline containing MMT cémpare favorably with typical U.S. manganese
concentrations (i.a., 34 ng/m® versus 38 ng/m>). These ambient manganese
concentrationa are consistent with urban manganese conceantrations for the

United Kingdom (i.e., 40 ng/m3) -- where MMT has never been uged in

gusoline.®

Summarz

The results among speclal studies and historical data are congletent in
predicting the {mpact of HATEC 3000 on ambient air manganése concentrations.

It is interesting to note that current ambient manganese concentrations

appear to bea Iindependent of historical use of MMT in fuel (e.g., Canada = 34

ng/mg, where MMT is widely used; the United Kingdom = 40 ng/ma, whars MMT

has never basn used; and the Unitad States = 38 ng/md).

EXPOSURES AND DOSES

Systems Applications, Inc. (SAI) carried out some aimple calculations to

estimate the possible human exposure to and doses of manganese that might

RE U




result from general use af HiTEC 3000 az a motor fual additive, Our focus is
on exposurs through dermal absorption from and ingestion of contaminated soil;
although we caleulate a coincident {nhalation dose for comparison and

completeness., Results show that by any reasonable criterion, any such

exposures would be totally insignificant.

The approusch Lauken Iz to use publizhad data, where possible, to calculate
long-term increments to the naturally oceurring menganese burden of soi{l and
then to use ragulatory guidance for parameters to estlmate the dose to thae

population from goil doses through skin contact and ingestion.

The algorithms and data uzed, and their sources, are as follows:

Urban concentrationa of ambieat atmospharic manganese are found to be
0.034 pg/wd (maximum median concentration in National Air Surveillance
Network),® 0.05 Mg/m’ 1f 0.125 g/gal of MMT were used in all cars,’
and ranging from 0.015 to 0.04 ug/m3 for various urban areas® in
Cullfornia and Canada. The largest Califorania value (0.03 pg/m3) 14
used in the present analysis becausza other data (e.g., fraction

attributable to motor vehicles, deposition velocity) are taken from

Los Angeles studies,

¢ The fraction of the ambient manganese attributable to motor vehicle
emigslons come from Davis, et al. (also Table 1). The fraction for
Los Angeles is measured to be 0.43, This is much higher than the

fraction, 0.19, found for the San Franciaco Bay Regloen; therefora, thae

larger valua is used.
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Tha dapogition velocity of vehicle-gencrated particles from ambient
air {a estimated by Friedlander, Turner, and Hering to be 0.26
cm/sec.? Thig value {5 based on the relative (measured) ambient
concentrations of lead and CO at source locations and at (downwind)
receptor locations. Both specles are known to be highly correlated
with motor vehicle emissions in urban atmospheres. Lead is a
depositing species and CO {8 nat; thus, decreasling ratios of these
concentrations downwind is a measure of the deposition of the lead.
The measurements were made in the Los Angeles region for particles in
tha size range below I Ym. This is tha size range appropriate for
motor vehicle-generated nanganese &lgo, Thias empirical determination
of deposition velocity is used because it has the virtue that it is
based on measurements in an urban environment of Interest, with real
surface roughness, etc. and of particles characteristic of auto

emisaiona.

The background congentrations of manganase in soil (1,000 ppm) and
in "street dust" (300 ppm) are raported by Joselow, et al.'? (street
dust) and Davis, et al, (for tha earth's crust —- op cit, page 1152

—— citing Handbook of Chemistry and Physics). It is asgsumed,

congervativaly, that street dust would be removed by rain, awaeeping,
or resuspension by traffic at least monthly. Precipitation La much
more frequent than monthly in many Loa Angeles months and in all

months In othar climatic regions.

The depth to which flne particles may be considered mixed in goil upon

which they are deposited is given a® 1 centimetsr in the proposad
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toxic regulations by the SCAQMD (Los Angeles).'® Actual depths may be
much greater due to leeching or agricultural tillage. For atreet dugt

we assumed a depth of ] millimeter.

The 8011 ingestion rate for all age groups recommended by tha SCAQMD

(op cit, page B-9, citing the California Dept. of Health Services) for
use in risk analysis is close to 150 mg/day. An absorption factor for
Mn for the GI tract is assumed as 4 percent, based on studies by Mena,

at a1, 1t

The dermal dose of s0il recommended by the SCAQMD!? for use in risk
analysis {as 400 mg/day, with an absorption of from 1 percent
(inorganics) to 10 percent (organics). Since we are examining an
inorganic form of the manganase in the soll, we use the 1 percent

absorptlon rate.

The ventilation rate recommended by the SCAGMD'* for use in risk

analysis is 20 malday.

The algorithm for manganese deposited on street or s0il is based on

propurtionallity to the amblent ¢oncentration and the deposition

velocity. Thus,

-- Deaposition (g/mzfa) = Deposgition velocity (m/s) x concentration (ug/m3).
== Mn Deposition (g/m2/s) = Deposition (g/m2/s) x fraction of ambient

from motor vehicle,
The fractional deposition increment, per year, of motor vehicle

related manganese is the annual deposition (g/mz) divided by the soil

burden, whera the s0il burden is
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Soil burden (g/mﬁ) = 5041 concentration (Hg/m3) x mixing depth (m).

Fractional deposition is calculated for “street dust" and for goll ("crustal"

material), The results are ag follows:

Street dust: 00,0221 percent/month (assuming that street dust is
"gresh” on a monthly basis).

Crustal: 0,0080 percent/year.

No accumulation of manganese in street dust is agsumed beyond the 1 month

replacement perlod. Crustal material is conservatively assumed to be

incremented indefinitely in the 1 centimeter mixing depth. In 70 yeatrs, the

increment to the “patural® value would be:
70 (yc) x 0.0080 (%/yr) = 0.56 parcent.

Thus, even in 70 years, ignoring losses to the sub3oil and ground water, the

increment to the ecrustal burden would not be distinguishable.

Human doses are computed for dermal, ingestion, and inhalation routes of
exposure. Thesa results are compared to an avarage daily dietary uptake of

manganeas of 0,120 mg/day.

e Yarmal

Dods (mg/day) = (S0il contact)(mg/day) x (fraction Mn) x (fraction
absorbed).
Street » (400)(300 ppm + 1063 (06.0060221)¢0.01)
Street o 2.65 x 10=/ mg/day. ‘
Crustal = 2.24 x 10-5 mg/day.

* Ingestion

Dose (mg/day) = (Soil ingestion)(mg/day) x (fractior Mn) x (fraction
absorbaed),
Street = (150)(300 ppm 4 106)(0.000221)(0.04)
Street = 0.4 x 10-9 mg/day.
Crustal = 3.3 x 10-5 mg/day.




« Inhalation

Dosge (mg/day) - Concantratzon (Mg/m3) x ventzlatlon rate (m3/day)
w (0.03 uxlm Y(1 mg/1,000 Yg)(20 m3/day)
- 6.0 x 104 mg/day.
The total manganese dose to an individual iz estimated as the sum of dermal,
ingestion, and inhalation dose. Separate results are calculated for soil dose
fram street or crustal material. We choose not to combine thase expesure
doges to give population exposure profiles; these separate estimates ay ba
interpreted as corresponding to persons being exposed to manganese from street
or crustal material. Results are:
-= Street: 6.0]1 x 10'A mg/day « 0.50 percent of 0,120 mg average daily
dietary uptake
-- Crustal: 6.55 x 10% mg/day = 0.55 percant of 0.120 mg average daily
distary uptake.
Since normal dietary lntake varies on the order of milligrams per day, these

submi¢rogram doses are totally insignificant.

Doses through groundwater are expected to be even lgss significant. Untreated
ground water is not drawn for domestic consumption from closer than a few
meters (as much as hundreds of meters) from the surface. Thus, any manganese
migrating to such depths would be diluted by factors of from several hundred
to several tena of thousands by admixture with a crustal volume much deaper

than the one centimeter assumed here.

We repeat the above dose caleulations in terms of manganase intake instead

of manganese uptake.




comrae mrc we A vl

¢ Ingestion
Dose (mg/day)

(S04l ingastion)(mg/day) % (fractlon Mn)
Street = (150)(300 ppm + 10%)(0.000221)
Strect = 1,0 x 10=% mg/day.

Crustal = 8.25 x 10%4 wy/day,

* Tnhalation
Dosa (mg/day) = Concantration (ug/mS) X ventilation rata (mglday)

(0,03 ug/m (1 mg/1,000 Pg)(20 m /day)
= 6.0 % 104 mg/day.

Total manganese intake is reported as the sum of ingestion and inhalation

exposure, and compared to an average daily intake valua of 3 mg/day.

-— Street: 6.10 x 10-% ng/day = 0.02 percent of 3 mg average daily
intake

-~ Crustal: 1.43 x)0-3 wg/day = 0.05 percent of 3 mg average daily
intakn.




TYrowr ot

2.

loQ

11.

12,

13.

14,

e ir e W e A wvis

REFERENCES

D.W. bavis, K. Hslao, R, Ingel, and J. Shikiya, "Origins of Manganese
lu Alr Particylates in California," J. Alr Pollut. Control Assoc.
38:1152 (i988),

W.R. Pierson, D.E. McKee, W.W. Brachaczek, and J.W. Butler,
“Mathyleyclopentadienyl Manganesge Iricarbonyl: Effect of Manganese
Emissions from Vehieles on the Road," J, Air Pollut. Control Assoc.
28:692 (1978),

Environmental Protection Agency, "Health Assessttent Document for
Munganase" (1584),

Ontario Ministry of Enviromment, “Air Quality Monitoring Report
1682~87."

G. McInnes, "Mult{-Elsmant &hd4 Sulphate in Bartliculate Surveys: Summary

and Anazlysis of Five Year Results (1976-198l), Warren Springs Laboratory
Report LR&LSS(AR), 1982,

Potential Health Effects of Manganese in Emission from Trap-Equipped
Diesel Vehicluz, Page B, Sept. 1988, Health Effects Institute,
Cambridge, Ma.

1bid, page 27, citing Ter Haar.
Davisa, et al., pages 240-244,

§. friedlander, Turney and Hering. "A New Method for Egtimating Dry
Depogition Velocitles for Atmospheric Aerosols." J. Aerosol Sei.,
17:3, pp 240-244. Pergammon JInls. Ltd. (1986).

Josalow, Morris M., E. Toblaa, R. Koehler, §. Coleman, J. Bogden, and
P. Gaume, “Manganese Pollution in the City Environment and its
Relationship to Traffic Density,® AJPH, Vol.68, No.6, June 78, p 558.

3outh Coust Air Quality Management District, Planning Division Staff
Report, Proposed Rule 1401, New Source Review of Carcinogenic Air
Contamingnis, April 1990, p Be7.

I. Mena, K. Horiuchi, K. Burke, and G.C. Cotzias, 1969. Neurolopy,
Vol. 19, pp 1000-1006.

Table 4=/; Multi-pathway Health Risk Assessment Input Parametars Guidance
Document. Prepared for SCAQMD by Clement Assogiates, Inc., Fairfax, VA;

Fab. 1988.

Ibid.




ATTALMENT 2.
Environmental Impact of MMT Usége

One method of predicting the environmental impact of the
manganese emissions resulting from use of the HiTEC 3000 Performance
Additive (the "Additive") is to relate the manganese emissions to
emissions of lead from prior use of Tetraethyl Lead (TEL). Assuming
that manganese would enter the environment in the same ratios as lead
did, there will be only a minimal environmental impact resulting from
use of the Additive. The concentration of TEL in gasoline averaged
about 2.5 g/gal. during fifty years of use.

It should be noted that the maximum environmental levels
predicted from this model do not depend on knowledge of the exact
percentage of either manganese or lead emitted. The model assumes
only that similar percentages are emitted. This is an extremely
conservative assumption due to changes in automotive design that have
been implemented since the introduction of unleaded gasoline such as
electornic fuel injection, oxygen sensors and catalytic converters.

Soil along the busiest expressways may contain elevated levels of
lead which decline exponentially with distance from the road. At
about 50 meters from the road, background levels are present. Not
all the lead in soil resulted from TEL usage, but to make the model
give the worst case, the calculations are based on the assumption
that all the increase in soil lead resulted from TEL usage. Because
HITEC 3000 is to be used at 0.03125 g/gal, the amount of manganese
going into the environment would be 0.03125 g Mn/gal/2.5 g Pb/gal or
only 0.0125 times as much.

The impact of HiTEC 3000 use on soil manganese levels based on
the lead experience is shown in Table 1. Table 1 shows that even if
30 percent of the manganese in the additive was emitted over 50 years

of use, the increase in levels of manganese in soil would be very
small, even within 1 meter of a busy expressway. The additional

manganese would be less than an amount well within the natural

variation in soill.
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As the estimated amount of manganese emitted from the tailpipe
diminishes, the relative impact on manganese in soil concentrations
becomes almost imperceptible. For example, assuming 0.5 percent of
the manganese in the Additive is emitted (a level consistent with
particulate testing completed by Ethyl on several test cars),? the
increase in manganese in the soil after 50 years of use one meter
from the expressway is only 0.1 ppm. |

Of note, manganese is mobile in soil. Microorganisms in soil
cause the manganese to undergo valence changes which result in
solubilization. Some have suggested that manganese passes freely
into solution in acid, water-logged soils and is circulated in
groundwater. Upon entering streams with average pH biological
oxidation potential, manganese is precipitated. Much of it
eventually enters the ocean; however, there is no evidence that
levels of manganese in ocean water have increased as a result of
anthropogenic activities. See HAD 3-56-3-59 for discussion. For
this reason, the manganese levels reflected in Table I reflect
worst-case conditions.

ee Waiver Application, Appendix 3.




One can also predict the impact of HiTEC 3000 on manganese in air
levels, based on the experience with TEL. About 89.4% of airborne
lead came from automotive sources? . Urban air lead levels for the
period were about 1-3 ug/m3 and non-urban levels were about 0.1-0.5
ug/m33. The average was about 1.5 ug/m3 for urban levels. Then
TEL contributed 1.5 x 89.4% or 1.34 ug/m3 in urban areas.

Multiplying by the ratio of manganese to lead, 0.0125, gives the
predicted increase in airborne manganese. Table 2 shows predicted
changes in airborne manganese levels under three manganese emission
assumptions: (1) 30 percent of the manganese in the Additive emitted;
(2) 5 percent of the manganese emitted; and (3) 0.5 percent of the
manganese emitted. The maximum increase in ambient manganese would be
only 0.017 ug/m3 for urban areas. Levels in urban areas are
presently about 0.038 ug/m34.

These amounts are quite low. The average adult inhales about

20 m3

urban areas would be predicted to be 0.33 ug/day compared to dietary

of air/day. Therefore, the average increase in exposure in

intakes averaging about 3 mg/day. This is approximately 10,000 times
more than the increase in intake from the air under worst-case
assumptions with HiTEC 3000 usage. These increases are also well
within the normal variation due to difference in climatic and

geological conditions and anthropogenic activities.

2pir Quality Criteria for Lead, EPA/600/8-83/0286F p. 5-8,
1986.

3Lead; Airborne Lead in Perspective, National Acadamy of
Sciences, Washington, D.C., 1972, p. 21.

4HAD

1
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As with manganese in soil concentrations, the estimated impact of
manganese emissions resulting from use of the Additive diminishes
substantially as the estimated amount of manganese emitted from the
tailpipe diminishes. Assuming that only 0.5 percent of the manganese
in the Additive is emitteds, for example, the increase in ambient
concentrations of manganese is predicted to be less than 0.001 ug/m3
for a typical urban area.

031GDP90

5see Waiver Application, Appendix 3.




TABLE 1

Impact of HiTEC Usage on Soil Manganese Levels after 50 Years of Use
Calculations Based on Expressway Carry 100,000+ Cars/Day

. Total
Distance Natural Contributign Predicted
From Road Mn_in Soil from HiTEC Level

1 meter 1000 12.3 1012.3
5 meters 1000 4.6 1004.6

15 meters 1000 1002.6

5% of Mn Emitted?

1 meter 1002.2

0.5% of Mn Emitted?:3

1 meter

Based on a hypothetical case where lead in soil might be as high
as 1000 ppm, 368 ppm and 208 ppm at 1,5 and 15 meters from the
expressway and a natural background of 15 ppm. The level above
background was multiplied by 0.0125 to arrive at the HiTEC
contribution.

Based on an assumption that 30% of the lead was emitted.

Based on actual testing - see Waiver Application, appendix 3.

031GDP90
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TABLE 2

Predicted Changes in Airborne Manganese levels

Location

URBAN (Air Pb value of 1.5 ug/m3 X 90% or 1.35 ug/m3 from TEL)

1.35 ug Pb/m3 x 0.0125 Mn/Pb = 0.017 ug Mn/m3

At 5% of Mn emitted!
1.35 ug Pb/m3 x 0.0021 Mn/Pb

0.003 ug Mn/m3

At 0.5% of Mn emittedl:?
1.35 ug Pb/m> x 0.00021 Mn/Pb = < 0.001 ug Mn/m3

1. Based on an assumption that 30% of the lead was emitted.

2. Based on actual testing - see Waiver Application, appendix 3.

031GDP90
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EXECUTIVE SUMMARY

The Ethyl Corporation has applied for a waiver for the
gasoline additive methylcyclopentadienyl manganese tricarbonyl
(MMT) pursuant to § 211(f) (4) of the Clean Air Act. If the
waiver is granted, MMT could be added to unleaded gasoline at
concentrations up to 0.03125 grams of manganese per gallon of
gasoline. Ethyl Corporation has advised us that for a typical
large urban area, the best estimate of the maximum increased
ambient concentration of manganese as a result of such addition
is 0.0009 ug/m3. To be conservative, we have also considered the
possibility of ambient manganese contributions as high as
0.09 ug/m3.

Health Studies of Manganese: In this report, we have
examined the toxicological and epidemiological literature on

manganese in order to evaluate the likely health impact of
widespread use of MMT as a fuel additive. 1In performing this
task, we took advantage of earlier assessments of the manganese
health effects data including an EPA Health Assessment Document
in 1984, a World Health Organization (WHO) review in 1981, and a
Health Effects Institute (HEI) review that was completed in 1988.
The HEI report is of particular significance because it addressed
the issue of manganese being used as a fuel additive. 1In this
report, we summarized findings from EPA's 1984 Health Assessment
Document on manganese and from the 1988 HEI Report. We also
examined key health studies of manganese published since the 1988
HEI Report.

We have found that the use of MMT is unlikely to affect
public health adversely. The anticipated increase of manganese
in the environment from use of MMT is sufficiently small in
comparison to the natural levels of this element and human intake
of it that the body's ability to maintain consistent manganese
levels should be unaffected. Thus, no effect on health would be
anticipated. Data concerning the impact of exposure to such
small amounts of manganese is limited, but it is consistent with
the lack of any effect. ’

P40

N’

2
AN
X




P.41

Issues Raised by Commenters: At least five commenters have
expressed concerns that even small amounts of manganese emissions
related to MMT usage might pose a significant health threat.
These commenters include the National Institute of Environmental
Health Sciences (NIEHS), the Environmental Defense Fund (EDF),
Mr. Everett L. Hodges, Dr. John Donaldson, and Dr. Herbert L.
Needleman. :

The comments cover a wide range of alleged health impacts,
but they focus primarily on neurological effects. Two specific
neurological concerns are that manganese contributes to neuro-
logical diseases of aging such as Parkinson's disease and that
manganese is associated with a tendency toward violent, criminal
behavior. Other specific concerns relate to respiratory and
reproductive effects. Finally, there is a general allegation
that health concerns about lead as a fuel additive argue against
approval of a fuel additive containing manganese because
manganese, like lead, is a metal.

We have found none of the above issues to be of concern.

First, manganese is very different from lead chemically,"

biologically, and environmentally. Thus, the experience with
lead as a gasoline additive cannot be used as a model of what
will happen if MMT is added to gasoline. Second, while high
levels of manganese (i.e. >300 ug/m3) are associated with
neurological effects} concern that exposure to the far lower
manganese levels expected to results from MMT use has no basis.
Finally, the concern that manganese is associated with violent
criminal behavior is essentially speculation. The one study that
directly supports it is seriously flawed. Similarly, none of the
other concerns raised by commenters provides a sound basis for
concluding that the addition of MMT to gasoline as proposed by
Ethyl would endanger public health.

Benefits of Pollutant Reduction: In addition to evaluating
the health literature on manganese, we have qualitatively exam-
ined the benefits which would result from using the Ethyl fuel
additive. Ethyl has demonstrated that the use of their product
would substantially reduce emissions of CO, NO,, and aromatic
hydrocarbons. Some of these substances have been shown to be




closely associated with respiratory conditions, while others are
known carcinogens. Thus, the benefits derived from reducing
their emissions can be substantial.

Summary: In summary, examination of the epidemiological and
toxicological data indicates that exposure to manganese at levels
that would result from using MMT as a fuel additive will not pose
a health threat. The available epidemiological data indicate
that manganese has neurotoxic and, perhaps, respiratory effects
only at levels many times higher than those related to MMT usage.
This conclusion is similar to that of the 1988 HEI report which
found that manganese would be safe as a diesel fuel additive. 1In
fact, use of MMT would lead to reductions in emissions of other
compounds of health concern at or near ambient levels. Thus, the
net result of MMT use is likely to be a reduction in health risk.

. P.42
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A. INTRODUCTION

The Ethyl Corporation has applied for a waiver for the
gasoline additive methylcyclopentadienyl manganese tricarbonyl
(MMT) pursuant to § 211(f) (4) of the Clean Air Act. If the
waiver is granted, MMT could be added to unleaded gasoline at
concentrations up to 0.03125 grams of manganese per gallon of
gasoline. Ethyl Corporation has advised us that its analyses
indicate that, for a typical large urban area, the best estimate
of the maximum increased ambient concentration of manganese as a
result of such addition is 0.0009 ug/m3. We were advised,
however, to consider the possibility of ambient manganese
contributions as high as 0.09 ug/m3 to be conservative.

Issues Raised by Commenters: At least five commenters
suggest that even the small manganese emissions related to MMT
usage pose a significant threat to public health and they
therefore oppose Ethyl's application for a waiver for the
additive. First, the National Institute of Environmental Health
Sciences (NIEHS) expresses concern about effects of manganese on
the central nervous system and draws parallels between lead and
manganese in terms of the potential for health effects. 1In
addition, NIEHS indicates that manganese in the form of Mn;0, is
more toxic than other salts or oxides of manganese. Finally,
NIEHS questions the applicability of existing data on respiratory
exposure to the manganese concentrations that would be expected
from MMT in gasoline.

Second, the Environmental Defense Fund (EDF) indicates that
manganese is a neurotoxin. In addition, EDF indicates that
manganese is a "lung toxin." EDF also indicates that manganese
may affect the aging brain since it damages the nigrostriatal
systen. Finally, EDF suggests manganese may cause fetal and
early developmental effects.

Third, Mr. Everett L. Hodges and Dr. John Donaldson express
concern that excessive manganese is found in the hair of "violent
individuals." They also hypothesize that chronic exposure to low
levels of manganese may contribute to premature senescence of
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neurons in the substantia nigra region of the brain. A paper
prepared by Dr. Donaldson for the Canadian National Research
Council and submitted to the docket by Mr. Hodges also suggests
that manganese may adversely affect human reproduction, cellular
glucose metabolism and the antibacterial action of white blood
cells.

Finally, Dr. Herbert L. Needleman, also drawing an analogy
to lead, states that MMT is a neurotoxin. He indicates that
manganese exposure is related to Parkinson's disease and affects
control of movement.

Scope of Review and Findings: This report examines the
basis for the above comments and evaluates the possible public

health impact of the manganese emissions that would result if
Ethyi's application for a waiver for MMT is granted. Our
assessment mainly consisted of reviewing the toxicological and
epidemiological literature on manganese. Our evaluation of
health studies was based on factors such as the design of
experiments, the quality of the data, sample size of studies,
statistical methods used to analyze data, and conclusions drawn
from statistical analyses. In some cases, attempts were made to
replicate statistical calculations. As part of our assessment of
the health literature, we considered the findings of EPA and the
Health Effects Institute, two organizations that have conducted
extensive reviews of the manganese literature. We also
considered existing reviews of studies concerning health effects
from manganese exposure.

To evaluate the body of toxicological and epidemiological
data on health effects from manganese, we sought the advice of
several recognized public health experts: Dr. Ian T.T. Higgins,
Dr. Emanuel Landau, and Dr. Carl O. Schulz.l All of these
individuals have participated in EPA reviews or have worked
directly for the Agency. In addition, Dr. Higgins was the
primary author of ‘a key study on particulate matter for the

1.Curriculum vitae for these individuals and for Dr. Roth and
Mr. Walker are Attachment A-1 to this report.
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National Academy of Sciences, and Drs. Higgins, Schulz, and
Landau, as well as Dr. Roth, have worked on an earlier Health
Effects Institute document on manganese.

In addition to evaluating the health literature, we also
qualitatively estimated the health benefits associated with using
the Ethyl fuel additive. Ethyl has demonstrated that the use of
their product would substantially reduce emissions of Co, NO,,
and aromatic hydrocarbons. Some of these substances have been
shown to be closely associated with respiratory and cardiac
conditions while others are known carcinogens. Thus, the
benefits derived from reducing their emissions can be
substantial.

In conclusion, we found that the use of MMT is unlikely to
affect public health adversely. The anticipated increase of
manganese in the environment from use of MMT is sufficiently
small in comparison to the natural levels of this element and
human intake of it that the body's ability to maintain consistent
manganese levels should be unaffected. Indeed, small amounts of
manganese are required by the body to maintain proper
functioning. Thus, no adverse effect on health would be
anticipated. Data concerning the impact of exposure to amounts
of manganese such as those likely to result from the addition of
MMT to gasoline are consistent with the lack of any adverse
effect. Furthermore, use of MMT would lead to reductions in
emissions of other compounds of health concern at or near ambient
levels. Thus, the net effect of MMT use is likely to be a
reduction in health risk.

OQutline of Report: In addition to this introduction, our
report is divided into six sections. An overview of the findings
of EPA's evaluation of the health effects resulting from
manganese exposures as well as an evaluation conducted by the
Health Effects Institute is given in Section B. The EPA report
assessed the health effects literature up until 1984 and the HEI
report reviewed the literature up until 1988. The findings from
the HEI report are of particular interest because it specifically
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analyzed the impact of using manganese as a fuel additive. An ay
evaluation of the epidemiological and toxicological literature L
since 1988 is given in Section C.

In Section D, we specifically address the issues raised by
commenters in the EPA proceeding on MMT. According to emission
test data generated by Ethyl, the MMT fuel additive will result
in substantially reduced tailpipe emissions of NO,, CO, benzene,
and other toxics. A qualitative analysis of the benefits of the
reductions is given in Section E. Section F contains a summary
of our conclusions. Finally, Section G contains references.

LN
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B. HISTORICAL BACKGROUND

The question of whether manganese emissions might pose a
threat to public health is not a new one. 1In 1984, EPA prepared
a Health Assessment Document (HAD) "to summarize the current
knowledge of the effects of exposure to environmental manganese
upon human health."l More recently, the Health Effects Institute
(HEI) examined potential health effects from increased public
exposure to manganese as a result of the use of a possible
manganese-containing fuel additive (not MMT).2 Both of these
assessments concluded that health effects were unlikely at the
levels of manganese in the environment that would result from the
use of MMT as proposed by Ethyl. '

EPA's Health Assessment Document: EPA's HAD may be the most
thorough existing discussion of human exposure to environmental
manganese. It discusses environmental levels of the metal and

human exposure through various media as well as human and animal’

studies of effects after toxic and chronic exposures. The
present question, of course, involves chronic exposure.

Environmental Levels and Human Exposure

According to EPA, manganese is the twelfth most abundant
element in the earth's crust and the fifth most abundant metal.
HAD at 3-93. 1In 1982, the most recent year for which EPA
included data, the annual arithmetic mean manganese concentration
in urban air was 0.033 yg/m3. Ambient air concentrations
exceeding 10 u.g/m3 have been reported. HAD at 3-97. For
purposes of comparison, Ethyl has indicated that use of MMT would
lead to an expected maximum ambient air impact of 0.0009 ug/m3.

1.U.S. Environmental Protection Agency, Health Assessment
Document for Manganese (August 1984) (NTIS Document No. EPA
600/8-83-013F) at 1-1. This document appears in Attachment B-1.

2.Health Effects Institute, Potential Health Effects of Manganese
in Emissions From Trap-Equipped Diesel Vehicles: A Report from
the Health Effects Institute (September 1988). (Attachment B-2)




The average intake of manganese by an adult human is
approximately 2.3 to 5.5 mg per day. Most of this intake
(generally over 90%) is from food. HAD at 3-99. Under normal
conditions, approximately 3 to 4% of ingested manganese is
absorbed.

The body of a normal adult man contains approximately
12-20 mg of manganese. The highest concentrations occur in the
liver and pancreas, with the brain and gonads having among the
lowest concentrations. HAD at 4-6. Relatively stable levels of
manganese in human tissues (including brain tissue) are
maintained even with large variations in manganese intake. Only
when truly heroic doses of manganese are administered (e.gq.
10 mg/kg in rats) is there evidence that the mechanism for
maintaining homeostasis may be overwhelmed. Regulation of
manganese levels apparently involves both absorption and
excretion. HAD at 4-13.

Neurotoxic Effects of Chronic Exposure

There is no question that inhalation of manganese at
sufficiently high levels can produce neurological symptoms. The
symptoms of such manganese neurotoxicity resemble those of
Parkinson's disease and include tremor, jerkiness of movement,
limb rigidity and postural disorders. HAD at 6-1. Most reported
cases of such manganism have occurred in manganese miners.
Others have occurred in workers in industries that produce dusts
or fumes of manganese oxides. HAD at 6-12. Exposure levels in
the studies of miners have been as high as 450 mg Mn/m3 and in
all of the reported studies reached at least 16 mg Mn/m3.
Levels of industrial exposure were somewhat lower, but in each

study were at least 0.30 mg Mn/m3. At these lower exposure
levels, neurologic symptoms, rather than actual manganism, were
reported. HAD, Table 6-4, pp. 6-13 - 6-14. Thus, the data

provided no clear-cut evidence of chronic manganese poisoning
under S5 mg Mn/m3. HAD at 6-23.

If the 0.0009 ug/m3 of manganese attributable to MMT is
added to the ,0.033 p.g/m3 present in ambient air, the resulting
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concentration would be 0.034 ug/m3. The lowest manganese level
EPA found to be associated with manganism was 5 mg/m°
(5,000 ug/m3). Thus, the ambient concentration of manganese
following MMT approval would still be over 5 orders of magnitude
lower than the lowest level of manganese associated with
manganism. Even a manganese contribution from MMT as high as
0.09 ug/m3 would still leave ambient concentrations more than
4 orders of magnitude below those associated with manganism.

The lowest manganese exposure level at which EPA indicated
neurological symptoms were reported (as opposed to manganism) was
in the range of 0.3 to 20 mg/m3 (300 to 20,000 ug/m3). Saric, et
al. (1977), reported neurological symptoms in 5.8% of plant
workers exposed to this level of manganese. Those symptoms,
however, could not be definitively attributed to the manganese
exposure. HAD at 6-19. In any case, that exposure was still
almost 4 orders of magnitude higher than the 0.034 u.g/m3 level
that would be expected if manganese attributable to MMT were
added to the ambient air, and over three orders of magnitude
higher than ambient manganese levels if MMT results in a
0.09 ug/m3 ambient manganese contribution.

Respiratory Effects of Chronic Exposure

The HAD also describes several studies supporting an
association between pulmonary effects and exposure to manganese.

However, as the HAD notes, "[m]ost of these exposures range
higher than . . . 5 mg Mn/m3, so they provide little information
on the possible effects of exposures to ambient levels." HAD

at 6-56. Nogawa, et al. (1973) is an exception, finding
increased respiratory symptoms in children (a sensitive
population, HAD at A-5) exposed to manganese dust from a
ferromanganese plant at an ambient concentration that EPA
estimated to be about 3-11 ug/m3. HAD at 6-52.
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Because the HAD concluded that respiratory effects are
reliably reported at lower levels than any other effectl, the HAD
develops a lowest observed adverse effects level (LOAEL) and a no
observed effects level (NOEL) for manganese based on the human
and animal data concerning such effects. Based on the Nogawa
study, the HAD indicates that the human LOAEL for manganese is
0.003-0.011 mg/m3 (3-11 ug/m3). HAD at 9-12. Based on a series
of animal (rat and monkey) studies by Ulrich, et al. (1979a,b,c),
the HAD indicates that the NOEL is 0.1 mg/m3 (100 ug/m3). HAD at
9-13. The estimated human equivalent intake to this NOEL is in
the range of 51-87 ug/m3. When a ten-fold margin of safety is
added to protect sensitive individuals, this range becomes 5.1 to
8.7 pg/m3. HAD at A-3. Thus, both the LOAEL and the NOEL
estimated in the HAD are well above the level of ambient exposure
that would be expected if MMT were added to gasoline in the
amounts proposed by Ethyl.

Other Effects Following Chronic Exposure

Of the other types of effects alleged by commenters in the
Ethyl waiver proceeding, the only one on which the HAD
indicates the existence of some useful data is reproductive
effects. According to the HAD, impaired sexual behavior has
often been reported in workers showing symptoms of manganism.
HAD at 6-68. While the HAD does not discuss the manganese
exposure levels which have led to this impairment, exposures were
apparently at the levels that have been associated with
manganism, i.e., >5.mg/m3. As discussed above, this manganese
level is several orders of magnitude above the maximum level that
would be expected in the ambient air if Ethyl's fuel additive
waiver application is approved. ‘

1.The Environmental Health Committee of EPA's Science Advisory
Board questioned this conclusion because it felt that the Nogawa
study "does not provide a sufficiently strong scientific basis to
support the conclusions in the document. The pulmonary effects
noted in these children might also be due to other compounds 1n
the emissions." See Attachment B-3.
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HEI Report: In 1984, in connection with its development of
a manganese-containing fuel additive to be used with a
particulate trap for diesel engines, Volkswagen asked HEI to
examine health issues associated with manganese emissions
resulting from the use of such a fuel additive. The resulting
1988 HEI Report revisits and updates the data concerning health
effects from manganese exposure. In addition, it draws specific
conclusions about the risk of health effects from manganese
emissions leading to ambient manganese levels as high as
0.5 ug/m3.

HEI concludes, "[I]t appears very unlikely that exposure to
airborne manganese from mobile sources (worst-case level
0.5 ug/m3) would produce adverse neurologic effects," and, "[I])t
appears unlikely that the increased ambient levels of manganese
from trap-equipped diesel vehicles would produce adverse
respiratory effects." HEI Report at 2-3. HEI bases these
conclusions on an evaluation of the health effects data and on a
comparison of manganese from automobile exhaust to dietary intake
of manganese. HEI report at 34-36.

‘~

Moreover, having identified iron-deficient individuals and
the very young as potential high-risk groups, HEI concludes that
these individuals are unlikely to be harmed as a result of
manganese added to the air as a result of manganese-containing
fuel additives. HEI states, "While the susceptibility of these
groups may be observed in . . . studies ([in which dietary
manganese is increased by a factor of 7 or more above normal, or
manganese is intubated daily at even higher levels] the actual
dose inhaled from automobile-derived, airborne manganese will
remain exceedingly small compared to the normal dietary range."
HEI Report at 34.

While HEI identifies some studies that post-date the HAD
(e.g., Roels, et al. [1987a,b)), the studies that HEI identifies

as suggesting possible neurological and respiratory effects at
the lowest levels are the same studies identified in the HAD --
Saric, et. al. (1977) and Nogawa, et al. (1973). HEI undertakes
a brief critical evaluation of each of these studies that leads
it to question the validity of the conclusions of each study.
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Neurological Effects

Consistent with the HAD, the HEI Report indicates that Saric
et al. (1977) reported neurologic effects (most commonly tremor
at rest) in industrial workers exposed to manganese levels as low
as 0.3 mg/m3. This was the lowest level at which neurological
effects had been reported.

The HEI Report, however, indicates several shortcomings of
the Saric study. First, tremor could not be attributed solely to
manganese. Possible confounding factors such as the presence of
other metals, carbon monoxide, carbon dioxide and coal dust and
the existence of alcoholism were not considered. Documentation
of important factors -- the methods used in neurological
examinations, occupational histories of subjects and exposure
duration -- was inadequate. Moreover, the inconsistency of
finding a correlation of subjective symptoms, but not
neurological ones, with smoking was not resolved. HEI Report
at 19-20.

Thus, while the HEI Report indicates that neurotoxic effects
are well documented in individuals exposed to manganese
concentrations of 1 mg/m3 or higher, effects at lower levels such
as those in the Saric study are less certain. Even accepting the
Ssaric study at face value, the 0.5 ug/m3 manganese concentration
expected from the diesel fuel additive was judged to be very low
as compared to the lowest level in the Saric study. The ambient
level of mahganese resulting from Ethyl's proposed use of MMT
would be lower still.

Respiratory Effects

While recognizing that Nogawa et al. (1973) reported
respiratory symptoms in children at low levels of manganese
exposure (although the levels were still two to three orders of
magnitude above that anticipated by Ethyl as a result of the
proposed use of MMT), HEI concluded that the Nogawa study was not
reliable. HEI Report at 36. HEI noted that the difference in
the prevalence of subjective symptoms was "relatively modest,"
only slightly above what would be expected on the basis of chance
alone. In addition, the individuals performing the pulmonary
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function testing were not blinded with respect to the exposure
group to which individual subjects belonged. Moreover, there is
no indication that the pulmonary function measurements were
adjusted for height, weight, age and sex. Confounding factors
such as parental smoking and socioeconomic status do not appear
to have been considered. Finally, exposure levels were not well
defined. HEI Report at 22-23.

Since all other studies that suggest adverse respiratory
effects from manganese exposure involved levels one or two orders
of magnitude greater than that in Nogawa, HEI concludes that the
0.5 ug/m3 exposure to manganese expected from the diesel fuel
additive is much lower than "the levels at which adverse health
effects have been observed in reliable epidemiologic studies."
HEI Report at 36.

HEI goes on to state, "If the objections to the Nogawa study
are ignored, and its results are taken prima facie, the
difference between the lowest observed adverse effect level in
the Nogawa study (3 ug Mn/m3), and the worst-case manganese level
from trap-equipped vehicles (0.5 ug/m3) is not very large. The
estimated worst-case manganese level is also only 10-fold lower
than the no observed effects level calculated from animal
studies." HEI Report at 36.

It should be noted, however, that even if the results of the
Nogawa study are accepted, there is a 100-fold margin of safety
between the lowest level of manganese exposure associated with
effects in that study and the manganese exposure that is
predicted to result from exposure to MMT. Instead of the
0.5 ug/m3 manganese concentrations expected to result from the
diesel fuel additive considered in the HEI Report, the proposed
use of MMT is projected to create a maximum ambient concentration
of 0.034 ug/m3. Thus, the margin of safety is an order of
magnitude larger than that for the diesel additive.

We were also asked, however, to consider the possible health
impact if the contribution to ambient manganese levels due to MMT
were 0.09 ug/m3. In that case, total ambient manganese would be
approximately 0.12 ng/m3. This is still less than a quarter of
the level (0.5 u/m3) considered safe in the HEI Report.




Moreover, it is almost 30 times lower than the lowest level in
the Nogawa study. Based on our evaluation of the Nogawa study
(summarized below), we are comfortable that this margin of safety
assures protection of public health.

Summary and Conclusions: There is no question that elevated
levels of manganese are associated with pulmonary and neurotoxic
effects, but these effects apparently occur only at levels that
are at least three orders of magnitude higher than ambient levels
that would result from emissions of the Ethyl fuel additive. 1In
addition, manganese is an essential element for human health.
Given all of this, there is no reason to expect that ambient
manganese levels resulting from the Ethyl fuel additive will
cause harmful effects to man.

P.54
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C. NEW HEALTH STUDIES

In the previous section, we summarized findings from the
1984 EPA Health Assessment Document and the 1988 HEI Report on
manganese. These two documents provide a comprehensive review of
the epidemiological and toxicological literature on manganese
prior to 1988. Since that time a number of relevant studies have
been published. In this section we will briefly summarize the
findings from key health studies of manganese published since the
1988 HEI Report and assess them. More detailed reviews of
several of the studies are given in the appendices accompanying
this section.

Specific Studies: As stated above, the principal health
effects that have been associated with manganese exposures are
neurotoxic effects and respiratory symptoms. The most credible
study which found effects at the lowest levels of manganese (at
about the 300 pg/m3 level) is Saric et al. (1977), which was
reviewed in the 1988 HEI report. 1In brief, the HEI report found
that even Saric et _al.'s findings were unconvincing because some
of the results were counterintuitive with a manganese
association. For example, individuals exposed to lower levels of
manganese appeared to suffer a higher incidence of central
nervous system effects than individuals who were exposed to
higher levels. Also, the study suffered from several design
flaws.

The only study which examined respiratory systems at near
ambient levels of manganese is Nogawa et al., another study that
was examined in the HEI report. Below, we include a review of
this study.

In addition, we review the following studies that have been
completed since the HEI report was issued. Gottschalk et al.
(undated) examined manganese levels in the hair of individuals
jailed on charges of committing violent crimes. Stauber and
Florence (1989), Hams and Fabri (1988), and Cawte et al. (1989)

were studies which examined residents of Groote Eylandt, who are
typically exposed to high levels of manganese. Roels et al.
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(1987), Wang et al. (1989), Huang et al. (1989), and Phoon (1988)
examined industrial exposure to manganese. Nogawa et al. (1973)
looked at the lung and pulmonary function of teenagers living in
an area of high manganese concentration. Bleecker (1988)
examined the neuro-toxicological differences between Parkinson's
disease and manganese-induced parkinsonism. Donaldson (1987),
Abbott (1987), and Cooper (1984) are review articles which
examined the effects of manganese.

Gottschalk et al. (undated)
Stauber and Florence (1989)

Gottschalk et al. reported that manganese levels in the hair
of violent prisoners were significantly elevated as compared to
control groups. Three different pairs of cohorts were considered
in his study, which he informed us has now been rejected for
publication in Neurotoxicology. First, 104 inmates at the Deuel
Vocational Institute in Stanislaus, California were compared to a
control group of 52 individuals in the town and a control group
of 31 guards at the prison. Second, 60 prisoners at the Los

Angeles Bernardino facility were compared to 42 town controls. .

Finally, 24 inmates at the San Bernardino County Jail were
compared to 59 town controls. In every comparison, controls were
supposed to be matched to inmates by age, sex, and race. The
levels of airborne and dietary manganese to which subjects were
exposed were not measured.

The authors found that, in general, manganese levels were
higher among inmates than in controls. They claim this suggests
that "A cofactor such as alcohol, dietary deficiencies, or
psychosocial factors, might act in combination with mild
manganese toxicity to precipitate violent behavior." This
conclusion does not consider the source or cause of the elevated
manganese. For example, a single unknown condition could lead to
high levels of manganese in hair and violent tendencies in an
individual. Thus, the manganese would not be a cause of the
violence.

For several reasons, it is difficult to accept the findings
from Gottschalk et al. of higher hair manganese levels in violent
prisoners. First, it is obvious that controls were not carefully

e
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matched to inmates by race. For example, in the first study,
39 Caucasian, 33 Hispanic, and 32 Black prisoners were matched to
62 Caucasians, 10 Hispanics, and 11 Blacks. This is very
important because race and hair color (a factor related to race)
are associated with differences in hair manganese levels. (Sky-
Peck ([1990], Attachment C-1). Since blond hair occurs more
frequently in Caucasians who predominate among the controls, this
could explain the observed differences.

Second, no information is given on how subjects were matched
for age, and there is reason to doubt the method used to match
age. As Dr. Landau pointed out (Attachment C-2): "Mean age is
used instead of the more useful median used in demographic
research. This reviewer is unable to find acceptable a process
of age matching which could result in a mean age of 29 years for
the violent prisoners versus a mean age of 24 years for the town
controls and a mean age of 31 years for the guards."

Third, the study fails to account for factors other than
toxic metals that might affect violent behavior. Factors such as
alcohol or drug usage, smoking, social factors, medical and
occupational histories, and recent traumas are ignored. The
social science literature is replete with data that discuss the
significance of these factors in explaining violent behavior. 1It
is therefore surprising that none of these factors was considered
in the study.

Fourth, the study findings are suspect because of the
apparent instability of the manganese levels in the hair of
prisoners. In the first cohort, the mean level of manganese in
hair was 2.0 ppm; in the second cohort it was 1.39 ppm; and in
the third cohort it was 0.71 ppm. In fact, the Deuel guards had
comparable levels of manganese to the San Bernardino violent
prisoners. As Dr. Higgins observes (Attachment C-3): "It may be
significant that the manganese concentrations in the prisoners in
the three phases has been declining. Just one more phase might
show no significant difference."

Finally, an extremely serious shortcoming of this study is
that it has been shown by Stauber and Florence (1989) (Attachment
C-4), who studied a population with some of the highest manganese
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exposures in the world (the Groote Eylandt Aborigines), that
manganese concentration in hair in a high manganese environment
is not a good indicator of manganese body concentrations, because
high scalp hair manganese values are "due largely to manganese
from exogenous sources." Stauber and Florence also found,
"Measurements of manganese in hair and blood of Groote Eylandt
Aborigines showed that the population had a high exposure to
manganese, but did not distinguish between those individuals
affected/unaffected by the neurological condition, Groote Eylandt
Syndrome." Given that Stauber and Florence failed to find a
relationship between hair manganese levels and neurological
effects among the Groote Eylandt Aborigines (i.e. a highly
exposed population), it is difficult to accept the conclusion of
Gottschalk et al. of effects from manganese levels experienced by
the general American population.

Hams and Fabri (1988)

Hams and Fabri (Attachment C-5) measured blood manganese
levels for 40 Australian aborigines living near a surface
manganese ore deposit on Groote Eylandt, Northern Territory.
These were compared to levels measured among a control group of
15 unexposed laboratory workers. The mean manganese level among
the exposed group was found to be 490 nmol/L compared to
215 nmol/L for the control group.

Hams and Fabri noted an apparent "association between very
high concentrations of manganese in blood, low serum iron) and
the occurrence of a group of neurological disorders that have a
prevalence of about 2%." They explained that "The group of
aborigines showing stptoms of neurotoxicity ... may have unusual
or defective manganese regqulatory processes."

These results, together with the results of Cawte et al.
(1988) suggest that neurologic disorders seen among certain
aborigines living on Groote Eylandt are the result of a complex
combination of factors not present in the U.S. Moreover, while
no specific manganese exposure levels are given, the levels are
almost certainly far higher than those in the United States.

.
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Thus, use of these people for ascertaining an exposure-response
relationship for U.S. population exposed to airborne manganese is
inappropriate.

Cawte et al. (1989)

Several commenters to the docket (Donaldson, Hodges, and
Silbergeld) have cited the incidence of a motor neuron disorder
resembling Parkinson's disease among native people living on
Groote Eylandt in the Gulf of Carpentaria, Northern Australia as
an example of manganese toxicity suggesting that these
individuals display greater sensitivity to the toxic effects of
manganese than other occupationally-exposed populations that have
been studied. The residents of Groote Eylandt have also been
cited as exemplifying the ability of manganese to induce violent
personality disorders (Hodges, Gottschalk et al). Cawte et al.
(1989) (Attachment C-6) examined the information available on
this motor neuron disease and hypothesized that this syndrome is
not simple manganism but rather manganism influenced by several
factors. '

The authors pointed out that the symptomology in Groote
Eylandt is different from that described for Chilean manganese
miners and is more like that described for manganese-exposed
individuals in Egypt. The important potential synergistic
factors identified by the authors include genetic factors such as
inborn errors of trace element metabolism (there is a high
prevalence of Wilson's disease among Groote Eylandters;
neurological symptoms occur predominantly in two clans);
lifestyle characteristics (these people cook in the earth and
seldom wash); dietary deficiencies of dopamine oxidation
inhibitors, calcium, and iron (potentially resulting in enhanced
manganese absorption); and smoking and excessive alcohol intake.
These factors, plus the uniquely high level of ambient manganese
to which they are exposed, make the aborigines of Groote Eylandt
inappropriate models for the population of the United States in
assessing the potential health effects of exposure to low levels
of manganese in the environment.
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Roels et al. (1987)

A group of 141 workers exposed to inorganic manganese in a
manganese oxide and salt producing plant was compared with a
matched group of 104 subjects. The time-weighted average
concentration of total airborne dust during the survey ranged
from 0.07 to 8.61 mg/m3 Mn. Except for rigidity of trunk,
standardized neurological examinations did not reveal any
specific differences between control and manganese-exposed
workers. Psychomotor tests, short-term memory tests, and hand
tremor evaluations revealed deficits in the manganese-exposed

group.

Manganese exposures in the Roels study are substantially
higher than the ambient levels that would result from the use of
the Ethyl fuel additive. The 1lowest level in the Roels study
was 70 ug/m3 as compared to the .034 ug/m3 that would result from
the Ethyl fuel additive. '

In addition, it is questionable whether Roels' findings are
valid because no monitoring data were available to characterize
past manganese levels, there appear to be problems in the way
smoking data were analyzed, and the study had some design
flaws. For a more thorough discussion of these problems, see
Attachment C-7.

Wang et al. (1989)
Huang et al. (1989)

Wang et al. (1989) (Attachment C-8) and Huang et _al. (1989)
(Attachment C-9) both report on the same outbreak of manganese-
induced parkinsonism. Workers were exposed to manganese
concentrations as high as 28.8 mg/m3 in a ferromanganese smelter.
The high concentrations of manganese were most likely caused by a
defective ventilation system. It is not clear how long the
workers were exposed to elevated manganese levels, although Huang
et al. (1989) report that "all patients worked for more than 2
years in the direct vicinity of the furnace without any
protective equipment." Wang et al. (1989) report that workers
were exposed "for 30 minutes each day, seven days a week, to high
concentrations of air manganese (>28.8 mg/m3)."
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Six of eight workers exposed were diagnosed by standard
neurological examination to have developed "parkinsonism". All
of the men had been employed for 10 years or more. Furnacemen
who were exposed to 0.5-1.5 mg/m3 manganese at the same factory
showed no such symptoms. Patients who developed "parkinsonism"
were treated with levodopa and carbidopa daily for 8 weeks, which
appeared to improve the neurological symptoms by 50%. After
fixing the ventilation system, the air concentration of manganese
was reduced to below 4.4 mg/m3, and no new cases of "parkinson-
ism" have been observed.

The relevance of these findings to our present investigation
is uncertain due to the extremely high manganese levels present
in this case. Also, it is not clear whether race plays an
important factor in this case. The absence of neurological
symptoms among workers at the plant who were exposed to less
extreme levels of manganese (although still several orders of
magnitude higher than levels expected to follow use of MMT as a
fuel additive) provides assurance that the levels of manganese
due to MMT will not be detrimental to human health.

Phoon (1988)

In a brief review article, using only primary source
material, Phoon (1988) (Attachment C-10) examined whether there
might be some biological index of exposure to manganese (BEI)
that is correlated with the risk of intoxication by this metal.
Phoon hypothesized that blood or, preferably, urine levels of
manganese might be used to monitor manganese exposure for workers
exposed to high concentrations. He concluded that the available
data were not adequate to support the establishment of such a
BEI. Phoon's review indicated that there was no direct
relationship between blood or urine manganese levels and the
occurrence or severity of poisoning. Some individuals with
symptoms of manganese intoxication have blood levels within the
normal range, suggesting that individual susceptibility plays a
role in the development of these signs and symptoms.
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Nogawa et al. (1973)

Although this paper was reviewed in the 1988 HEI report, it
is important to review the findings of this study again because
HEI suggested it warranted further analysis if approval of a
manganese fuel additive was sought. There is much convincing
data in the literature that shows an association between high
levels of manganese (1 mg/m3 or higher) and bronchitis among
workers, but at levels below .4 mg/m3 there appears to be no
risk. Nogawa et al. (1973) (Attachment C-11) suggests, however,
that among children these effects might be associated with
manganese levels in a range estimated to be 3-11 ug/m3.

In brief, Nogawa et al. (1973) found that the pulmonary
performance of children living near a ferromanganese plant was
slightly worse than the performance of children living at a
distance from the plant in a city. Both physiological tests as
well as subjective tests based on the British Medical Question-
naire were administered in the study. No direct ambient
~measurements of manganese were taken; thus, true manganese
exposure levels are unknown. By using data from West Virginia,
however, EPA estimated that levels in Nogawa et al. ranged from
3-11 ng/m3. '

HEI, as well as Drs. Landau and Higgins (Attachments C-12
and C-13), all concluded that the study suffered from major flaws
which could have invalidated the study findings. Some of these
flaws were: the study might have been biased because it appears
that neither students nor testers were blinded; it is
questionable whether the data were adjusted for age, sex, height,
and weight; the study did not appear to consider social factors;
serious doubts remain as to the exposure levels in the study; and
exposure to pollutants other than manganese was not considered.

Bleecker (1988)

Bleecker (1988) (Attachment C-14) reviewed the state of
knowledge regarding the induction of the symptom complex of
parkinsonism by four neurotoxic agents including manganese in
order to determine whether these agents have a common site of
action. Based on differences in neuropathology and clinical
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symptons, the author distinguishes between parkinsonism and
Parkinson's disease. She points out that the symptoms of
manganese-induced parkinsonism, which strongly resembles
Parkinson's disease, include fixed gaze, bradykinesia, postural
difficulties, rigidity, tremor and dystonia, and prominent
mental status changes. The latter two symptoms distinguish
manganese intoxication from Parkinson's disease.

At the neuropathological level the differences between
manganese intoxication and Parkinson's disease are even more
striking. Manganese affects primarily the striatum palladium, an
area of the brain that is not affected by Parkinson's disease.
Lewy bodies, a marker of Parkinson's disease, have never been
observed in manganese intoxication.

Bleecker concludes that the neuropathologic features of
Parkinson's disease and manganese-induced parkinsonism differ
diametrically with Parkinson's disease affecting primarily the
substantia nigra and manganese affecting the striatum and globus
pallidus. This conclusion is inconsistent with the hypothetical
construct of Donaldson (1988) that Parkinson's disease may be the
result of cumulative manganese intoxication in the elderly.

Donaldson (1987)

Donaldson (1987) (Attachment C-15) is a review article by
one of the commenters in this proceeding. The subject of the
review is neurological effects of manganese exposure. Thus, the
symptoms of manganism are discussed. The affinity of manganese
for the melanin-containing substantia nigra region of the brain

is indicated. The article indicates that neuromelanin in this .

region is formed from nonenzymatic oxidation of dopamine.

The author discusses possible explanations for manganese
neurotoxicity. It is hypothesized that the mechanism for
manganese neurotoxicity is the destruction of dopamine and other
catechols by Mn3t, It is further hypothesized that the
neurological symptoms seen in some residents of Groote Eylandt
are the result of excessive amounts of manganese and deficiencies

in calciun.




The article is of little value in assessing the potential
impact of MMT use on human health. The fact that high levels of
manganese can lead to neurological symptoms is well-established.
This article does not discuss the levels of manganese involved in
the examples of neurotoxicity it cites. Moreover, the
hypotheses about mechanisms for manganese toxicity are not
supported by any data. Thus, the article adds nothing more than
speculation to the information considered in the HEI report.

Abbott (1987)

Abbott (1987) (Attachment C-16) is essentially a review
article. It deals directly with the potential impact on health
of MMT use in gasoline. Estimating that the expected increase of
manganese in ambient air as a result of MMT use would be
approximately 0.2 ug/m3 in areas of high traffic density and
adding that to the current ambient level of 0.01 ug/m3 in urban
areas in Australia, Abbott concludes that no health risk from the
use of MMT is likely.

Abbott reaches this conclusion after reviewing the data on
the effect of manganese on human health. He concludes that
potential toxicological effects of increased airborne manganese
are restricted to the pulmonary and central nervous systems. The
possibilities of oncogenicity and reproductive effects are
considered and dismissed. Since animal and human data to date
suggest that long-term exposure to "relatively high levels" of
manganese are needed to produce symptoms of toxicity, the
increased level of airborne manganese from the combustion of MMT
is not likely to constitute a health risk to the general
population. -

Abbott estimates ambient manganese levels following the use
of MMT from data on the ratio of lead levels in gasoline and air.
Thus, his estimates of the effect of MMT on ambient manganese
levels are uncertain. He bases his conclusions about health
risk, however, on ambient air levels higher than those that Ethyl
has indicated would result from its proposed use of MMT even if
half the manganese added to gasoline were emitted from the
tailpipe following combustion. Thus, his conclusions can be
applied to evaluate the Ethyl proposal. His conclusions are
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consistent with ours that approval of Ethyl's waiver application
would not be anticipated to cause any adverse effect on health.

Cooper (1984)

Cooper (1984) (Attachment C-17) is another review of the
health consequences of adding MMT to gasoline. Cooper's con-
clusions are consistent with those in our report.

Specifically, "There appears to be an extremely wide margin
of safety between the airborne concentration of manganese that
has been associated with central nervous system disease in humans
and experimental animals and those that might be found in ambient
air resulting from the use of MMT." Cooper at 37. "Although
manganese is probably more readily absorbed in infants and
crosses the blood-brain barrier more readily, all available
evidence would indicate that the amounts of manganese added to
ambient air by MMT would fall within the range of normal daily
absorption and would not cause neurologic effects, even in the
most susceptible portion of the population." Cooper at 37.
"(I]t appears extremely unlikely that minute increments in
airborne manganese even as great as 1 or 2 ug/m3 would have any
detectable effect on the lungs." Review of other possible
effects on the cardiovascular, hematopoietic and reproductive
systems and of the possibility of mutagenesis or carcinogenesis
also did not suggest that MMT combustion would have any effect on
health.

Summary: The HEI report found no health threat to the
general population from the airborne levels of manganese which
would result from the use of the Ethyl additive. Our review of
more recent literature supports that conclusion. Furthermore,
our evaluation of the Nogawa et al. (1973) study confirms the
conclusion of the Environmental Health Committee of EPA's Science
Advisory Board and HEI that the study is seriously flawed and
cannot be relied upon to support concern about respiratory
effects from airborne manganese at concentrations below
300 ug/m3.
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D. ISSUES RAISED IN THE EPA DOCKET
:.l‘ -

This section addresses the specific concerns raised by five
commenters on Ethyl's application for a waiver. Health concerns
were set forth by the National Institute of Environmental Health
Sciences (NIEHS), the Environmental Defense Fund (EDF),
Mr. Everett L. Hodges, Dr. John Donaldson, and Dr. Herbert L.
Needleman. '

National Institute of Environmental Health Sciences: There
are essentially eight points of concern which were laid out by
the Director of NIEHS. These concerns are addressed in detail by
'Dr. Carl Schulz in Attachment D-1. We respond briefly to each of
these concerns in the following paragraphs.

(1) Manganese is toxicologically similar to lead.

This issue is examined in depth by Dr. Schulz in his essay
"Contrasting Public Health Concerns Raised by Lead, Manganese, [
and MMT" (Attachment D-2). In summary, there are profound ™
chemical, biological, and environmental differences between lead :
and manganese.

Chemically, while lead is a "heavy" metal, manganese is a
"light" one. Thus, the chemical reactions of manganese resemble
those of chromium and iron rather than those of lead. '

The biological differences between lead and manganese are
particularly striking. The body's need for and ability to
requlate levels of manganese are well-established. Manganese is
an essential trace element in human and animal nutrition, while
lead has no known biological benefit. Homeostatic mechanisms
regulate the uptake and excretion of manganese in higher animals
and man. There is no known similar mechanism for lead.
Moreover, while much of the lead to which humans are exposed is
retained in the bone and has a half-life of over twenty Yyears,
manganese is eliminated with a half-life of approximately
38 days.




P.67

Environmentally, manganese is far more common than lead.
Humans are exposed to relatively high concentrations of manganese
through food, water, and air. 1In the absence of anthropogenic
sources, human exposure to lead is one to two orders of magnitude
less than to manganese.

(2) MMT is readily absorbed via the nose, resulting in higher
levels of manganese in the central nervous system than
result from comparable doses by other routes.

MMT is not emitted in measurable amounts from the tailpipe
of cars fueled by gasoline to which MMT has been added. The
emissions are in the form of manganese oxides. Inhaled mangariese
oxides are eliminated by normal clearance mechanisms or may be
absorbed into the general circulation. 1In the latter case, their
dissolution products must pass through the heart, lungs, and
probably the kidneys and liver, before reaching the brain. There
is no shortcut from the nose to the brain as seems to be implied
by this concern.

(3) The effects of manganese on the central nervous system are
not reversible "easily, if at all."

The World Health Organization (WHO) concluded that the
neurological damage attributable to high-level manganese exposure
is at least partly reversible if the patient is removed from
exposure at an early stage. The symptoms of manganism can be
treated by administration of L-Dopa (WHO 1981). Effects on the
central nervous system are, in any case, not anticipated from the
manganese levels expected to result from the addition of MMT to
gasoline.

(4) Information about the "fate" of burned manganese is not
adequate to explain the small quantity measured in exhaust.

We have not addressed this concern directly, since it is not
a health issue. However, even if forty percent of the manganese
- added were released in the exhaust (100 times the amount that
Ethyl measured in tailpipe emissions tests), the levels of
manganese in ambient air would be below levels where health
effects are seen.
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(5) Humans may be exposed to Mn;0, or other oxides/salts which
are more toxic than MnO,.

While no documentation for these assertions is given, they
are probably based on the relative oral toxicity of these
compounds in laboratory animals. Since most animals lack the
substantia nigra region that is apparently the target of
manganese in humans (Donaldson, 1987), the relevance of data on
comparative toxicity in animals to the potential human health
hazards resulting from chronic exposure to low concentrations of
these two forms of manganese in air is unclear. Moreover, all
forms of manganese are apparently metabolized to Mn3* in the
brain. (Donaldson, 1987). Therefore, the original form of the
manganese would appear unimportant, at least with regard to the
neurotoxic effects of concern to NIEHS.

(6) MMT is as toxic as tetraethyl lead.

Since it is not one of the combustion products, MMT is not
the issue with regard to the combustion of MMT-containing
gasoline in automobiles. As discussed above and in
Attachment D~2, manganese oxides, which are emitted, are not
comparable chemically, biologically, or environmentally to
compounds of 1lead.

(7) The epidemiologic studies of manganese are based on high
concentrations which may be irrelevant for the low-dose
exposures to the manganese forms which will result from use
in gasoline.

Epidemiologic studies are incapable of detecting 1low
incidences of subtle health effects because of the lack of
statistical power. Thus, such studies are commonly conducted in
relatively small cohorts of highly exposed individuals to
maximize the probability of a significant outcome. It is asking
too much of epidemiologic methods to rely on such studies to
provide quantitative dose-response data within the range of
expected environmental exposures. Toxicological studies are
better suited to identifying subtle effects from low-dose
exposures. The conclusions in this report are therefore based on
toxicological studies as well as epidemiological studies.




(8) Manganese may act via the same mechanisms as other heavy
metals (especially lead), and may have synergistic effects.

This assertion once again raises the issue of parallels
between manganese and lead. As previously indicated, there are
profound chemical, biological, and environmental differences.
The suggestion of synergism is unsupported generalized
speculation.

Dr. Herbert L. Needleman: Dr. Needleman's comments raise
two points. First, he draws an analogy between MMT and lead.
MMT emissions are not expected from automobiles using gasoline to
which MMT has been added. Therefore the concern is irrelevant.

Second, Dr. Needleman states that manganese is a neurotoxin.
He indicates that it affects motor control and is related to
Parkinson's disease. At sufficiently high concentrations
(>5 mg/m3), inhalation of manganese does cause a syndrome
clinically similar, but not identical, to Parkinson's disease.
The maximum level of manganese in air anticipated to result from
the proposed use of MMT in gasoline, however, is several orders
of magnitude below the level associated with this syndrome.
Moreover, it is several orders of magnitude below the level at
which even minor neurological symptoms have been reported. Thus,
MMT added to gasoline is not anticipated to lead to neurological
effects.

Everett L. Hodges: Mr. Everett L. Hodges opposes approval
of MMT use because of a concern that elevated levels of manganese
in the hair is associated with violent, criminal behavior. This
concern is based on an unpublished study by Gottschalk, et al.,
of manganese levels in the hair of California prisoners, and the
suggestion that Australian aborigines from Groote Eylandt have
elevated levels of manganese in their hair. This part of the
Australian continent has the highest incidence of murder and
violence.
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As discussed above, Dr. Gottschalk's paper is seriously
flawed. Thus, it is not surprising that Neurotoxicology has
declined to publish it. cCertainly, the study is not of the
quality to provide meaningful support to a theory as novel as
that advanced by Mr. Hodges. 1Indeed, Dr. Gottschalk's study,
even if valid, does not indicate that increased levels of
airborne manganese would lead to. increased violence.
Dr. Gottschalk's paper, at most, indicates an association between
manganese and violence. It does not indicate a causal relation-
ship. Nor does it suggest that the excess manganese in hair is
due to elevated airborne manganese levels.

In addition, the Groote Eylandt example does not support
Mr. Hodges' concern. First, the allegation of violence among
Groote Eylandt residents is not supported. Furthermore, while
Groote Eylandters are exposed to manganese at levels sufficiently
high to trigger neurological symptoms, Stauber and Florence
(1989) report that there is no relationship between these
symptoms and the levels of manganese in their hair.

Dr. John Donaldson: Dr. Donaldson, in comments presented in
the hearing, supported Mr. Hodges' concern about a possible link
between manganese and criminal behavior. As discussed above,
that concern is without basis.

Dr. Donaldson, orally and in a 1988 report drafted for the
Canadian government, hypothesized that early exposure to low
levels of manganese may contribute to premature senescence. The
purported mechanism for this effect is accelerated attrition of
neuronal population in the substantia nigra. As a-person ages,
normal neuronal attrition increases which, he alleges, is added
to the earlier effect of manganese. This leads to initial
manifestations of Parkinson's disease when 75-80% of the neurons
of the zona compacta of the substantia nigra have been lost.
Linkage to other neurological disorders such as Alzheimer's
disease and amyotropic lateral sclerosis (ALS) is also
hypothesized. Dr. Donaldson admits, however, that the mechanism
by which manganese produces nervous tissue and behavioral
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toxicity is not known and that the concept of sub-clinical
neuronal damages potentiating a chronic neurologic disorder has
not been tested. Donaldson (1988) at 92-93.

As Dr. Donaldson essentially admits, this concern is nothing
more than an untested hypothesis. See also Attachment D-3. It
is one possible interpretation of the available data on effects
of manganese, but it is based upon significant leaps of faith.
For example, there is no evidence that low levels of manganese
injure the neurons of the substantia nigra. Nor has it been
demonstrated that Parkinson's disease, ALS, and Alzheimer's
disease are caused by similar mechanisms. In fact, the evidence
indicates that the mechanisms and neuropathy of manganism are
distinguishable from those of Parkinson's disease. Mena et al.
(1967); Barbeau (1984); Bleecker (1988).

The other concerns about possible health effects from
exposure to very low levels of manganese that Dr. Donaldson
expresses in his Canadian paper are likewise unsupported by
scientific evidence.

Environmental Defense Fund: Dr. Ellen Silbergeld, on behalf
of the Environmental Defense Fund, argues that manganese, like
lead, is a neurotoxin. As discussed previously, manganese and
lead differ significantly from chemical, biological and
environmental perspectives. Moreover, while manganese is a
neurotoxin at very high levels, there is no suggestion of
neurological effects attributable to exposures to less than
300 ug/m3 of manganese. Ambient exposures even with the use of
MMT in gasoline are not expected to exceed 0.034 ug/m3 and would
be approximately 0.12 uq/m3 even if it is conservatively assumed
that 40 percent of the manganese added as MMT were emitted from
the tailpipes of cars. Thus, there is a margin of safety from
neurological effects of at least 3 orders of magnitude and
probably 4 orders of magnitude.

Dr. Silbergeld also indicates that manganese is a lung
toxin. While there is evidence of respiratory effects from
exposure to very high levels of manganese in mining and several
industrial operations, there is no reason to expect such effects
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from the manganese added to the air through the use of MMT. The
lowest observed adverse effects level and the no observed effects
level developed by EPA for respiratory effects from manganese are
both well above the highest level of manganese level anticipated
in the ambient air if Ethyl's application for a waiver for MMT is
granted.

In addition, Dr. Silbergeld states that manganese may affect
the aging brain since it damages the nigrostriatal system. As
Dr. Carl Schulz indicates in Attachment D-4, this claim is based
on speculation advanced by Dr. John Donaldson. It assumes that
manganese neurotoxicity and other neurological diseases
associated with aging (e.g. Parkinson's disease and amyotropic
lateral sclerosis) operate through similar mechanisms. The
mechanism and neuropathy of manganism, however, are demonstrably
different from those of Parkinson's disease. (Barbeau, 1984;
Bleecker, 1988). There is no evidence that manganism operates by
the same mechanism as other neurological diseases. ‘

Dr. Silbergeld also expresses concern about possible fetal
and reproductive effects from the manganese released as a result
of MMT combustion. The only evidence for such effects, however,
is at levels far above those that would result from the use of
MMT. Possible reproductive effects were discussed by EPA in the
HAD, but were not the basis for EPA's LOAEL or NOEL because there
was evidence of such effects only at levels of at least 5 mg/m3.
Possible effects in the very young were considered in the HAD,
but were associated only with massive doses of manganese salts
orally or by intubation. Thus, they were not considered a
concern even at levels an order of magnitude above those likely
to result from MMT use.

Finally, Dr. Silbergeld alleges that manganese 1is a
"cumulative toxin" and that data are lacking on long-term
exposure to low levels of manganese. 1In fact, humans are
constantly exposed to far higher concentrations of manganese in
food and water than in air. Manganese is an essential element.
As noted in the HAD, a document for which Dr. Silbergeld served
as a peer reviewer, "manganese metabolism is rigorously con-
trolled by homeostatic mechanisms. . . . The absorption,
retention, and excretion of manganese are interrelated and
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respond very efficiently to an increase in manganese
concentration." HAD at 4-21.

Summary: In summary, hone of the three major issues raised
by commenters on the Ethyl application is of concern. First,
manganese is very different from lead chemically, biologically,
and environmentally. Thus, the experience with lead as a
gasoline additive cannot be used as a model of what will happen
if MMT is added to gasoline. Second, while high levels of
manganese (i.e. >300 ug/m3) are associated with neurological
effects, concern that exposure to the far lower manganese levels
expected to result from MMT use (e.g. 0.034 to 0.12 ug/m3) has no
basis. Finally, the concern that manganese causes violent
criminal behavior is essentially speculation. The one study that
indirectly supports it is seriously flawed. Similarly, none of
the other concerns raised by commenters provide a basis for
concluding that the addition of MMT to gasoline as proposed by
Ethyl would endanger public health.
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E. QUALITATIVE ANALYSIS OF BENEFITS FROM POLLUTANT REDUCTION

It is clear that use of MMT as a fuel additive will lead to
some increase in levels of airborne manganese. The health
significance of these increases has been the focus of previous
sections. The addition of MMT to gasoline, however, will lead to
significant reductions in emissions of several airborne
pollutants. 1In this section we will examine the impact of MMT
use on emissions of other pollutants and provide an analysis of
the benefits from their reduction.

Data on emissions reductions are given in Attachment 7 of
Ethyl's waiver application. Estimates are given for the year
1999, since the additive has a "long-term emission reduction
effect." The largest reductions would be in nitrogen oxides and
carbon monoxide although there are important reductions in other
pollutants. In addition to reduced tailpipe emissions, there
would be reduced emissions from refineries.

Nitrogen Oxides (NO,): Use of MMT as a fuel additive would
lead to a reduction in NO, emissions of approximately
0.18 gm/mile traveled. This represents a 20% reduction in NO,
emissions from current levels for automobiles. Since automobile
emissions make up approximately 45% of the total NO, emissions in
the environment, this is a sizable reduction in total NO, .

For all the U.S. combined, this decrease in NO,, amounts to
633 million pounds per year. When considering the additional
reductions of NO,, emissions from refineries, the total reduction
in NO, emissions would be 644 million pounds per year.

NO, is a criteria pollutant based, in part, on the potential
for health effects from exposure to elevated NO, levels. Most of
the country, with the exception of Los Angeles, California,
however, attains the primary national ambient air quality
standard for NO, (the regulated form of NO,). [U.S.
Environmental Protection Agency, National Air Quality and
Emissions Trends Report, 1987, (March 1989) (NTIS Document No.
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EPA 450/4-89-001) at 12. (Air Quality Trends.)) Since this
standard protects the public health with an adequate margin of
safety, 42 U.S.C. §7409(b) (1), further reductions in NO, are
unlikely to yield measurable direct health benefits except in
southern California.

NO,, however, plays a role in the chemistry by which
atmospheric ozone (0,) is formed from reactive hydrocarbons.
Ozone is a criteria pollutant because it has the potential to
cause respiratory effects. [U.S. Environmental Protection
Agency, Review of the National Ambient Air Quality Standards for
Ozone: Assessment of Scientific and Technical Information
(draft Nov. 1988) 7-1]. Much of the country, however, violates
the health-based primary national ambient air quality standard
for ozone. An estimated 88.6 million Americans in 1987 lived in
counties that violated the ambient air quality standard for
ozone. Air Quality Trends at 90. One possible mechanism for
solving the very difficult problem of bringing the couhtry into
attainment of the ozone standard is reduction of NO, emissions.
See S1630, Sec. 103 (as passed by the House of Representatives.)
This approach is mandated, for example, in legislation now
pending before Congress. Thus, the lower NO, emissions from
automobiles that would follow use of MMT in gasoline would
diminish the public health threat now resulting from widespread
violation of standards for ambient levels of ozone.

Hydrocarbons (HC): Data from Ethyl Corporation's test
program indicate that HC levels may increase slightly,
0.018 gm/mile. Ethyl believes, however, this increase will not
occur in commercial operation because of the lower aromatic
content of gasoline made possible by use of the fuel additive.
Because MMT increases the octane quality of gasoline, the refiner
can reformulate gasoline by removing high-octane components, such
as heavy aromatics, otherwise required to meet the octane quality
specification. Thus, no net increase in HC emissions should be
expected. Ethyl's data also show, however, that use of the
additive will result in a less reactive mix of HC. That is, it
will reduce emissions of those HCs that contribute to ozone
formation. Together with the substantial NO, reductions noted
above, this will decrease ambient ozone levels and diminish the




health risk attributable to exposure to ozone levels exceeding
the ambient standard.

Carbon Monoxide (CO): Reductions of CO will be even more
substantial than those for NO,. Approximately 60-70% of CO in

the ambient air results from passenger car emissions. The
observed 0.28 gm/mile decrease in CO emissions represents approx-
imately a 7% reduction. This fiqure is confirmed by data from
Ethyl's 75,000 mile fleet test program, where automotive CO
emissions were reduced by 7.7%.

In total, CO emissions in the U.S. would be reduced by up to
985 million pounds per year. Considering reductions in CO which
would be gained at refineries would bring the total savings in CO
emissions to 988 million pounds per year.

It has been well established in the literature that even
small exposures to CO could result in adverse health effects.
For example, Stern et al. (1988) have shown that individuals
working in tunnels have higher incidence of heart disease than do
their relatives who work on bridges. 1In addition, numerous
investigators have found that individuals with heart conditions,
angina, or respiratory conditions are unable to maintain their
level of physical activity under exposure to CO. Therefore, EPA
has established health-based primary national ambient air quality

standards for CO. [Review of the National Ambient Air Quality
Standards for Carbon Monoxide 50 Fed. Reg. 37484 (1985)].

Unfortunately, much of the country violates the CO standard,
placing residents at an unacceptable risk of health- effects. 1In
1987, an estimated 29.4 million Americans lived in counties that
violated the primary ambient air quality standards for CO. Air
Quality Trends at 90. Reductions of CO as a result of MMT use
would help to alleviate this risk.

Benzene and Formaldehyde: The use of MMT as a fuel additive
will decrease the average aromatic content of U.S. unleaded
gasoline from 31.2% to 30.0% of the volume. This will reduce the
amount of aromatics, such as benzene in tailpipe emissions.
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health risk attributable to exposure to ozone levels exceeding
the ambient standard.

Carbon Monoxide (CO): Reductions of CO will be even more
substantial than those for NO,. Approximately 60-70% of CO in

the ambient air results from passenger car emissions. The
observed 0.28 gm/mile decrease in CO emissions represents approx-
imately a 7% reduction. This fiqure is confirmed by data from
Ethyl's 75,000 mile fleet test program, where automotive CO
emissions were reduced by 7.7%.

In total, CO emissions in the U.S. would be reduced by up to
985 million pounds per year. Considering reductions in CO which
would be gained at refineries would bring the total savings in CO
emissions to 988 million pounds per year.

It has been well established in the literature that even
small exposures to CO could result in adverse health effects.
For example, Stern et al. (1988) have shown that individuals
working in tunnels have higher incidence of heart disease than do-
their relatives who work on bridges. In addition, numerous
investigators have found that individuals with heart conditions,
angina, or respiratory conditions are unable to maintain their
level of physical activity under exposure to CO. Therefore, EPA
has established health-based primary national ambient air quality
standards for CO. ([Review of the National Ambient Air Quality
Standards for Carbon Monoxide 50 Fed. Reg. 37484 (1985)].

Unfortunately, much of the country violates the CO standard,
[(In 1987, an estimated 29.4 million Americans lived in counties
that violated the primary ambient air quality standards for CO.
Air Quality Trends at 90.] placing residents at an unacceptable
risk of health effects. Reductions of CO as a result of MMT use
would help to alleviate this risk.

Benzene and Formaldehyde: The use of MMT as a fuel additive
will decrease the average aromatic content of U.S. unleaded
gasoline from 31.2% to 30.0% of the volume. This will reduce the
amount of aromatics, such as benzene in tailpipe emissions.
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Oﬁher toxics such as formaldehyde and butadiene emitted in
automobile exhaust will also be reduced. Ethyl Corporation
estimates a 0.01 gm/mile reduction in total aromatics, which
includes a 0.001 gm/mile reduction in benzene. A 0.001 gm/mile
reduction in formaldehyde is also anticipated.

Because these pollutants may cause or contribute to adverse
human health effects, reduction of their presence in automobile
exhaust is a specific goal of legislation currently pending
before Congress. See Senate Bill S1630 Sec. 207 (as passed by
the House of Representatives). Indeed, benzene has been
classified by the EPA as a human carcinogen, and several studies
have shown an increased risk of leukemia due to occupational
exposures (Rinsky et al., 1981; oOtt et al., 1978; Wong et_al.,
1983). Formaldehyde has been classified by the EPA as a probable
human carcinogen based on limited evidence in humans and
sufficient evidence in animals (Integrated Risk Information
System, EPA 1990).

The reduction in these possible carcinogens estimated by
Ethyl to result from MMT use is approximately 3.5 million pounds-
in the U.S. for 1999. Given the nature of these substances and
the possibility that even minute exposures to a carcinogen may
increase the risk of cancer, it is possible that these reductions
will lead to reduced numbers of cancers, particularly in highly
exposed individuals.

Summary

The addition of MMT to gasoline will result in substantially
reduced levels of pollution, both from tailpipe emissions and
from refineries. Large reductions would be made in NO, and CO
from tailpipe emissions, and both automobiles and refineries
would emit lesser quantities of aromatics such as benzene and
formaldehyde. In all, reductions in refinery and tailpipe
emissions will amount to approximately 1.7 billion pounds per
year by 1999.
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There is evidence that many of these pollutants contribute
to health effects in persons exposed, and particularly in sensi-
tive individuals. Reductions in these emissions will help
prevent the occurrence of health effects, both for annoyances
(ex. coughing and wheezing) as well as serious health effects
(ex. heart disease and cancer).
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F. SUMMARY AND CONCLUSIONS

This report examines comments from the EPA docket and
evaluates the possible public health impact of the manganese
emissions that would result if Ethyl's application for a waiver
for MMT is granted. Our assessments mainly consisted of
reviewing the toxicological and epidemiological literature on
manganese. our evaluation of health studies was based on
factors such as the design of experiments, the quality of the
data, sample size of studies, statistical methods used to analyze
data, and conclusions drawn from statistical analyses. In some
cases, attempts were made to replicate some statistical
calculations. As part of our assessment of the health
literature, we also considered the findings of EPA and the Health
Effects Institute, two organizations that have conducted
extensive reviews of the manganese literature. We also
considered reviews of manganese health effects published in peer-
reviewed literature.

In addition to evaluating the health literature, we also
qualitatively estimated the benefits associated with using the
Ethyl fuel additive. Ethyl has estimated that the use of their
product would substantially reduce emissions of co, NO,, and
aromatic hydrocarbons such as benzene. Some of these substances
have been shown to be closely associated with respiratory and
cardiac conditions while others are known carcinogens. Thus, the
benefits derived from reducing their emissions can be
substantial.

In conclusion, we have found that the use of MMT is unlikely
to affect public health adversely. The anticipated increase of
manganese in the environment from use of MMT is sufficiently
small in comparison to the natural levels of this element and
human intake of it that the body's ability to maintain consistent
manganese levels should be unaffected. In fact, manganese in
small quantities is an essential nutrient. Thus, no adverse
effect on health would be anticipated. Data concerning the
impact of exposure to the quantity of airborne manganese expected
to results from use of MMT is limited, but it is consistent with
this conclusion.
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In general, there are only two epidemiological studies that

reported effects closest to ambient levels of manganese:
Gottschalk et al. (undated) and Nogawa et al. (1973). Gottschalk
et al. found an association between hair levels of manganese and
violent behavior, but these findings are suspect because the
study was poorly designed. There is strong evidence that hair
levels of manganese do not accurately reflect body levels, and
the study failed to consider key critical social factors. 1In
addition, it does not link the hair manganese levels to inhaled
manganese and does not indicate a causal role for manganese in |
violence. The only other study that showed respiratory effects i
in humans at near ambient levels of manganese is Nogawa et _al.
(1973). As the HEI report correctly points out, this study
suffered from substantial limitations, and it is almost
impossible to determine at what levels respiratory effects
occurred. In any event, the estimated manganese levels in Nogawa
are still well above those that would follow addition of MMT to
gasoline.

Finally, we have found that none of the three major issues
raised by commenters on the Ethyl application is of concern..
First, manganese is very different from lead chemically,
biologically, and environmentally. Thus, the experience with
lead as a gasoline additive cannot be used as a model of what
will happen if MMT is added to gasoline. Second, while high
levels of manganese (i.e. >300 ug/m3) are associated with
neurological effects, concern that exposure to the far lower
manganese levels expected to results from MMT use (e.g. 0.034 to
0.12 ug/m3) has no basis. Finally, the concern that manganese is
associated with violent criminal behavior is essentially
speculation. The one study that directly supports it is
seriously flawed. Similarly, none of the other concerns raised
by commenters provide a sound basis for concluding that the
addition of MMT to gasoline as proposed by Ethyl would endanger
public health.
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PROFISSIONSL EXPEIRIZINCE

Enanuel Landauv is an epidemiologisc who has over 30 years experience in enviran-
mental hezith activities. He is accepted as a national authori:iv cn assessing
health eaffects of expcsure to air pollucants and other contaminancts. As the
Staif Epidemiologist at APHA, he provides the technical competence necessary from
answeriag lecters of inquiry to evaluating health risks. .

During his tenure at APHA, Dr. Landau has served as Project Direccor of studies

cf occupational and commuaity exposure to inorganic arsenic directed to neurological
as well as carcinogenic effects. Another carcinogen, vinyl chloride, was the focus
of studies in Quebec, Canada, as well as in Louisville, Kentucky. An occupational
study of PBB-induced healch impairments demonstrated the first instance of thyroid
dysfunction reported in the scientific literature.

Some of the studies serve as illustrations of demonstrated ability to respond
quickly to need. One was the resurvey of the health effects of exposure to fitrous
glass emissions in an adjacent community. No adverse effects were found in the re-
survey as contrasted with the original survey (not carried out by APHA). The study
of a railroad spill of orthochlorophenol contaminated with dioxin demonstrated

' -

again the technical capability of APHA as well as its quick response time. ' - ° .

Dr. Landau has recently complected at APHA the training course on hazardous waste
management for nationwide environment educators.

Prior to joining APHA, Dr. Landau served the former Departmenc or Health, Education :
and Welfare in the following capacities: @

e As Chief, Epidemiologic Studies Branch, Bureau of Radiological Heslth, !
Dr. Landau initiacted and conducted epidemiologic researcn into eflfects
of exposure to ionizing and non-ionizing radiation, both in the Unized
States and overseas (England and Poland).

e As Epidemiologist, Office of the Assistant Administrator for Research
and Development, Environmental Health Service (EHS), Dr. Landau served
as the primary focal point for activities in EHS of an epidemiologic,
demographic and statistical nature. EHS covered the areas of air pollution,
radiation, solid waste, occupational health and safety and communicty

management.

e As Sctatistical Advisor to the Associate Commissioner and Commissioner,
National Air Pollution Control Administraction, Dr. Landau was principal
staff advisor on the statistical aspects of research activities. He
served as Assocdiate Commissioner for Standards and Criteria Development
in the absence of the Associate Commissioner.

e As Head, Laboratory and Clinical Trials Section, National Cancer Ins:ituce:
Dr. Landau was responsible for planning, guiding, developing and coordinating
a program of clinical trials in humans and laboratory evaluatioans in

animals.
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Projecz Coordinacor

e As Chief, Biometry Section, Division of Air Pollution, Dr. Landau planned - ‘ﬂﬁ
epldemxologlc studies of the effects of air pollution. As Supervisory '
Analytical Statistician, California State Department of Public Health
(assigned by the Division of Air Pollucion, U.S. Public Health Service),

Dr. Landau planned and conducted research to determine effects of air
pollucion on health. .

Octher accomplishments include:

e Superior Service Award (DHEW) on health effects of air pollution; WHO
Temporary Advisor on air quality criteria 1967; Advisor on Air Quality
Criteria, Karolinska Ianstitute, Stockholm, Sweden 1968; Advisor to
Department of Transportation on biological effects of operating a fleet
of supersonic planes 1972-74; Consultant, Bureau of Radiological Health,
1975 to present; Consultant, EPA on air quality criteria, 1980-81;
Participated in site visits for AEC, ERDA, HIEHS and EPA; elected member
of Cosmos Club, Washington, D.C.

LANGUAGE SKILLS

Englisn: Native language
French: Working knowledge
_ Spanish: Working knowledge

CHRONOLOGICAL SWRMARY OF EMPLOYMENT . S

Orcanization Date Title el
American Public Health Association 1975 to present Project Director anc

Project Coordinator

Bureau of Radiological Health (DHEW) 1971-1974 - Chief, Epidemiologic
) Studies Branch

-0ffice of the Ass't. Administrator for 1969-1971 Epidemiologist
R&D, EHS, DHEW

Nactional Air Pollution Conctrol 1964-1969 Statistical Advisor
Administracion, DHEW :

Nacional Cancer Institute, DHEW 1962-1964 ) Head, Laboratory anc
Clinical Trials
Section

Division of Air Pollution, DHEW 1959-1962 Chief, Biometry

) Seccion

California Scate Dept. of Public 1957-1959 Supervisory Analyctic

Health (assigned from U.S. Public Statistician

Health Service) P
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